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Some of the More Important Factors Governing the Flight of 
European Corn Borer Moths to Electric Traps' 
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Previous investigations of the use of 
electric traps as a possible method of con- 
trolling the European corn borer have 
given promising results, and the problem 
of putting this method of control on a 
more practical basis has been the subject 
of further investigation. The main factors 
affecting the flight of the moths to the 
traps as a means of further increasing the 
number captured and the percentage of 
control in the trapped areas have been 
given primary consideration. These fac- 
tors include studies on the placement of 
traps with regard to field contour, the 
height of trap operation, the trap type 
and the most effective type of lamp to use 
as a lure. Such factors bear a close rela- 
tionship to the cost of installation and 
operation of any plan for controlling the 
corn borer by means of electric traps and 
the practical application of radiant en 
ergy. 

It has been shown by Hervey & Palm 
1935}, by Ficht & Hienton (1989), and 
by Ficht, et al. (1940), that European corn 
borer moths may be captured readily in 
electric traps. In experiments also re 
ported by the authors in the two last 
mentioned papers, it was shown that in- 
festations and populations could be 
greatly reduced but not eliminated by 
lighting corn fields with one 250-watt, 
115-volt, Mazda CX lamp per acre. Dur 
ing the course of the 1940 experiments a 
total of 38,613 corn borer adults, or an 
average of 3,218 adults per trap, were 
taken in a 12-acre field by using a plan 
of field experimentation similar to that 


used by Ficht, et al. (1940). In a second 
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field used during the same season, a 
slightly less degree of control was secured, 
due probably to an interruption in the 
experiment prior to the end of moth flight. 
It was estimated that the larval popula- 
tion of the 12-acre field was reduced 68 
per cent by the use of electric grid traps 
equipped with 250-watt Mazda CX lamps. 

Purpose or Stupy.—The laboratory 
studies, during 1939 and 1940, were ini- 
tiated primarily to determine some of 
the fundamental factors which affect the 
attractiveness of various lamps to corn 
borer moths. The phototropic responses of 
the moths to such factors as ultraviolet 
radiation, the intensity of the radiant en- 
ergy, the color of the radiant energy, and 
the size of the luminous area were ob- 
served. 

The field experiments conducted during 
1940 included three main objectives: de- 
termining the effects of trap placement in 
relation to field contour on the number of 
moths captured, the optimum height of 
trap operation, and a more efficient trap 
structure. 

LABORATORY AND Firetp Metuops. 
The factors influencing the flight of corn 
borer moths to radiant energy were stud- 
ied by liberating the corn borer moths in 
an inclosed box 10 feet square and four 
feet high, the inside of which was painted 
mat black. The box was provided with 
apertures each six inches square in the 
center of each of four sides. This allowed 
the radiant energy to enter the box from 
the lamps which were placed outside the 
apertures. Each aperture was covered 
with an electric grid which served to kill 
the moths attracted to the opening by the 
radiation from that source. 

Outside each aperture, a box 48 inches 
long, 15 inches wide, and 15 inches high 
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was placed horizontally with one end 
tight against the side of the big box. The 
inside of each lamp box was painted white 
to reflect the light. The equipment for 
producing and controlling the radiant en- 
ergy was mounted in these boxes. 


In all of the tests except those designed 


Table 1.—Summary of five tests with 250-watt 
CX lamps to determine the effect of intensity of 
radiation on its attractiveness to corn borer 





moths. 
Intensity in foot-candles 250 500) 1000) 2000 
No. of moths attracted 22 aD) og IS} 





to determine the effect of ultraviolet radi 
ation on attractiveness, Corer D_ filters 
were used as diffusion plates to provide 
uniformity of radiant energy over the en 
tire aperture. These filters were placed 
next to the grids. Between the diffusion 
plates and the radiant energy source, spe 
cially constructed iris diaphrams were 
used to equalize the size of the luminous 
area. Intensity was regulated by moving 
the lamps toward or away from the aper 
tures, as the individual tests demanded 
The equipment was similar to that used 
by Marshall & Hienton (1938 

The moths for the tests were 
by hand in vials from concentration cages 
which had been stocked with infested corn 
fodder. Attempts were made to introduce 
about 100 adults for each individual test 
through an opening in the center of the 
bottom of the lure chamber 

The field work during 1940 consisted 
of illuminating 21 acTes of dent eorn One 
250-watt, 115-volt, Mazda CX lamp was 
installed in an electrocutor trap on each 
acre. One block of nine acres of rolling 
topography was used to study the effect 
of placing traps at different levels in the 
field. The electrocutor traps were all of 
one type and were operated at a height 
of 10 feet the soil surface. Three 
traps were placed on each of three levels. 

The second block was a field of 12 acres, 
with three rows of four lamps each. Four 
tvpes of traps were used, and these were 
operated at 5, 10 and 15 feet above the 
soil surface. The four trap types were al 
ternated in position as well as height each 


collected 


above 


night. 
All traps were examined daily. The 
number of moths caught in each trap 


were sexed and counted in the varying 
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types, heights, levels of contour, and trap 
positions. 

Errect oF INTENSITY OF Rabtation 
SOURCE ON ATTRACTIVENESS \ factor 
which affects the attractiveness of lamps 
is the intensity of the radiant energy in 
the region of the spectrum visible to the 
human eve. Corer D diffusion plates were 
used to produce an even diffusion of radi- 
ant energy through the apertures, and 
the variation in intensity was produced 
by regulating the distance at which the 
lamps were placed from these filters. The 
luminous areas were equal in size 

Laboratory tests on the effeet of in- 
tensity of radiant energy included a series 
of five experiments in which there were 
four sources of visible light at 250, 500, 
1,000 and 2,000 foot-candles of intensity, 
respectively In these tests 250-watt, 110- 
volt Mazda (XX lamps were used. The 
relative number of moths attracted to the 
Various sources is given in table 1. These 
that the were In 
about the same ratio as that of the in- 
tensities, namely 1, 2, 4, and 8. Other tests 
conducted at both lower and higher in- 
tensities indicate clearly that the moths 
will select the source of radiant energy of 
the highest intensity. Intensities equal te 
bright sunlight (10,000 F.C 

ErrecT OF Size or Ture LUMINOUS 
(REA ON ATTRACTIVENESS. ~The effect of 
varying the size of the luminous area on 
the attractiveness of different sources of 
radiant energy to the corn borer moths 
was determined by holding the intensity 
of 250-watt Mazda CX lamps at 750 foot- 
candles and regulating the size of the lu- 
minous areas by means of specially con- 
DD filters were 
over 


figures show catches 


were used 


structed diaphragms. Core. 


used to diffuse the radiant energy 
Table 2.—Summary of two tests to determine 
the effect of varying the size of the luminous area 


on attractiveness to corn borer moths. 








Diameter of area (inchs »>o 2.83 4.9 §.66 
No. of moths attracted 2] Th Ss] 109 
the apertures Four sources of visible 


light were used in these tests with lumi- 
nous areas adjusted in the proportion of 
1, 2, 4, and 8 at each aperture 

The size of the luminous areas and the 
respective number of moths attracted to 
each are given in table 2. These tests in- 
dicate clearly that the size of the luminous 
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area is of importance since the larger the 
diameter used, the greater is the number 
of moths attracted. 

ATTRACTIVENESS OF ULTRAVIOLET Ra- 
praTion. —Thirteen tests were made to 
determine the value of ultraviolet radia- 
tion as an attrahent to the moths. 

In 10 of the tests S-4 lamps were used 
as the source of radiant energy. These 
lamps were operated with Corer D filters 
which allowed the ultraviolet to pass, In 
comparison with lead vlass filters which 
screened out most of the ultraviolet radi- 
ation. Tests with an ultraviolet meter 
showed that the lead glass filter screened 
out ultraviolet) radiation shorter than 
3.200 Angstrom units. The results of these 
tests. which are given in table 3, indicate 
that the presence of ultraviolet radiation 
of 2.967 Angstrom units does not increase 
the attractiveness of the light source and 
that the moths had no preference for 
radiation in which ultraviolet energy of 
that wave length was present. 

When the J/-) lamps were used, with 
and without ultraviolet radiation below 
8,200 Angstrom units, the reactions of 
the moths were similar to those secured 
with the S-) lamps. In the use of both of 


Table 3.—Summary of the tests to determine 
the attractiveness of ultraviolet radiation to corn 
borer moths. 





\, N e Morus A I \ 
Ty. a ; Ultras let N 
ts ™ I’: nf | ltravi | 
} il-; 8 9 
10 ‘ SOO 5 





these lamps the number of moths at 
tracted to the radiant energy sources was 
less when the lead glass filters were used. 
Not only did the moths have no prefer 
ence for ultraviolet radiation under the 
conditions of these experiments but 
slightly fewer moths were attracted to 
those sources of radiant energy in which 
ultraviolet below 3.200 Angstrom units 
Was present. 

Errect or Coton or Rapiant ENera) 
ON ATTRACTIVENESS.-- Another impor 
tant factor in the attractiveness of various 
lamps to borer adults is color. In these 
experiments, [7-4 and S- 5 lamps having a 
high percentage output in the violet and 
blue bands of the visible spectrum and a 
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low output in the orange and red bands 
were compared to Mazda CX and Mazda 
flood-lights which have a lower percent- 
age output in the violet and blue band 
and a greater output in the orange and 
red bands. The percentage radiation out- 


Table 4.—Per cent of over-all input radiated 
in different spectral bands of 250-watt CX and 
H-4 lamps. 





Wave Lenetus Tyre or Lamp 
IN 
ANGSTROMS 250-Watt CY 100-Watt H-5 

$800 to 5900 


Violet and blue 1.21 t.5 


5000 to GOO0 
Green and yellow 2.8 De 


6000 to 76500 
Orange and red i.9 O82 





Data taken from General Elect 
340-548 


ic Review, Vol. 42, No. 12: 


put of the 250-watt C.Y and the 100-watt 
H-; lamps in these spectral bands is 
given in table 4. The radiation output of 
the Mazda flood-light is essentially simi- 
lar to that of the Mazda CX lamp, and 
the radiation output of the S-4 lamp 
closely approximates that of the H-j 
lamp. These tests on effect of color dif- 
ferences were run at equal visible intensi- 
ties of the 1,000 foot-candles. 

The important observation regarding 
these tests is that the moths were at- 
tracted in greater numbers to lamps radi- 
ating the greater percentage of their 
visible energy in the violet-blue band of 
the spectrum, than to lamps radiating 
the greater percentage of their visible 
radiation in the orange-red band of the 
spectrum. The number of moths attracted 
by each of the different lamps in these 
tests is shown in table 5. In these tests 
in which factors affecting attractiveness 
other than color were eliminated, approxi- 
mately 92 per cent of the moths, reacting 
to the radiant energy provided in the lure 
chamber, chose the radiation sources with 
the highest proportion of violet and blue. 

In a second study of color as an attra- 
hent for the moths, four lamps of the or- 
dinary Mazda tungsten filament type 
having lengths of life of 25, 100, 500 and 
1,000 hours respectively were used at 
equal visible radiation intensities of 50 
foot-candles. The relative attractiveness 
of these lamps as a source of radiant en- 
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ergy is given in table 5 and the per cent 
of total light emitted by each in the vari- 
ous color bands is given in table 6. The 
relative attractiveness of these sources of 
radiant energy varied with the length of 
life of the lamps, the greatest number of 
moths being attracted to the lamps hav- 
ing the shortest length of life. The least 
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nearly three times as attractive as the 
1,000-hour lamp. 

Additional tests, with a 200-watt dark 
blue lamp which emits a large percentage 
of its radiant energy in the violet and 
blue band of the visible spectrum, were 
made in comparison with the H-} lamp 
in the violet and blue wave band between 


Table 5.—Summary of the tests to determine the reactions of corn borer moths to radiant energy 





color. 
No. o1 INTENSITY IN 
l'ests Foor-CANDLES 
Lamp used 250-watt 100-watt 100-watt 250-watt 
flood y H-| CX 
2 Moths ittracted t ri Qyv 9 1O00 
Lamp used 100-watt l(-watt 100-watt 1lO0-watt 
24 hr 100 hr 300 br 1OOO he 
2 Moths attracted 5S 6 2} >] 50 
Lamp used 200-watt 100-watt 250-watt 
dark blue H-| A 
Moths attracted iI S 2 ) 1.5 
or 7 ‘ 0) 5.8 





number of moths were attracted to the 
lamps having the longest life. Since the 
visible radiation intensities and the size 
of the luminous areas were equal in these 
tests, and the effect of brilliance, due to 
the variable lengths of life of the lamps, 
was largely eliminated by the use of 
(Corer D diffusion plates, the difference in 
attractiveness was thought to be due pri- 
marily to color. It will be noted that of 
the total radiant energy output of these 
lamps, the 25-hour lamp produces the 
highest proportion in the violet-blue band 


Table 6.—Per cent of total light from 100-watt 
lamps with varying lengths of life. 





100-Watr Mazpa Lame 


Wave Banpb 25 hr Ohr. 5SO0Ohr. 1000 hr 
Violet and blue 3.0 2.9 2.6 ’.3 
Green 13S I $1.6 7 
Yellow 96.5 26.5 26.6 27 4 
Orange andred = 26.7 27.5 28.2 29.6 





and the lowest proportion of radiation in 
the orange-red band. The opposite occurs 
in the 1,000-hour lamp, and this lamp 
was the least attractive. The 100-hour 
and 500-hour lamps were intermediate in 
respect to both color characteristics and 


attractiveness. The 25-hour lamp was 


3,800 and 5,000 Angstrom units. Further 
evidence of the superiority of violet and 
blue radiation as a lure for corn borer 
moths is noted by the fact that in a com- 
parison of these three lamps, the dark 
blue lamp attracted 101 moths as com- 
pared to 15 for the H-4 and four for the 
Mazda CX. Luminous areas and intensi- 
ties were equal in these experiments. The 
intensity of visible radiant energy of the 
dark blue lamp is relatively low. In the 
equipment used in these experiments the 
maximum number of foot-candles obtain- 
able from the 200-watt dark blue lamp 
was 5.5 at a distance of approximately 
six inches from the aperture to which the 
moths were attracted. While this lamp ts 
superior to other lamps tested in attract- 
ing corn borer moths where intensities were 
equalized, a comparison of these lamps 
under ordinary operation showed the H-4 
and Mazda CX lamps superior to the dark 
blue lamp. This is due to the relatively 
low radiation intensity of the dark blue 
lamp. The greater intensities of the other 
two lamps would overcome the advantage 
of color in the dark blue lamp when 
operated without intensity equalization 
or control. 
RELATION OF 
FECTIVENESS O1 


Firtp Contour to Er- 


Traps. The advantage 
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or disadvantage of placing the light traps 
on the lower or higher areas of a corn 
field was studied in a nine-acre plot. A 
rolling field was surveyed, and the sup- 
porting poles were placed equidistant 
on the same topographic level. The traps, 
suspended from these poles, were oper- 
ated at a uniform height of 10 feet from 
the ground level. One trap, or three to 
each level, equipped with a 250-watt, 115- 
volt CY lamp was used per acre. Three 
levels were used, and these were chosen 
so that there was little possible advantage 
to any one series of the low, intermediate 
and high levels of lights with regard to 
the prevailing wind direction. There was 
a difference of 5.5 feet in the height of 
each of the three levels of lights. 

A total of 10,674 corn borer adults were 
captured during the duration of the obser- 
vations on this experiment. It is evident 
from the figures presented in table 7 that 
there is a significant difference in the 
number of moths taken on the higher 

Table 7.—Field catch of corn borer moths on 


high, intermediate, and low contours in a corn 
field. 





Tora Morus 

PostTION Motus PER TRAP 

High contour 3,983 1 396.3 
Intermediate contour $935 1,311.7 
Low contour 2 756 918.7 





contours of the field as compared to the 
low contour, with the traps situated on 
the higher contours of the field having a 
distinct advantage. There was no sig- 
nificant difference in the moth captures 
from the high and intermediate contours. 
This may be accounted for by differences 
in the corn heights which averaged 62.6, 
67.7, and 63.1 inches in height for the 
high, intermediate, and low contours re 
spectively. The influence of the height of 
the corn under and immediately surround- 
ing the traps on moth catches have been 
discussed by Ficht & Hienton (1939). 
Heigut or Trae PLacement Apove 
THE Grounpb.--A level field of dent corn 
was used for studies on the relation of 
trap height above the ground level to 
attractiveness for corn borer moths. Three 
of each of four types of traps were sus- 
pended at heights of 5, 10, and 15 feet 
in three series of four traps, each at the 
rate of one per acre, making a total of 12 
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acres of corn used in the experiment. The 
height of the traps in each series was alter- 
nated each night to allow for any varia- 
tions in catches which might be due to 
clevation. 

The figures on the moth catches given 
in table 8 show distinctly that the lower 

Table 8.—Number of moths captured at three 


heights of trap placement above the soil surface 
in a level field. 





Tora. Morus 
PosttIoNn Motus PER TRAP 
5 feet above soil $3,652 918 
10 feet above soil 2,196 549 
15 feet above soil 1,324 $31 





the traps are placed above the level of the 
soil, the greater are the catches, providing 
such traps are placed above the top level 
of the corn. 

As the corn reached the level of the 
lowest trap placement of 5 feet and opera- 
tion continued thereafter at that corn 
level, there was evidence that this posi- 
tion was superior to the higher positions. 
While the traps placed at the lowest level 
of 5 feet above the soil surface captured 
the most moths during the period when 
the corn had not yet reached 5 feet in 
height, the lowest traps continued to cap- 
ture the most moths when they were 
raised to corn level as the corn exceeded 
the 5-foot height. 

Tyres or Fietp Traps.—Due to ac- 
cumulations of borers occurring under and 
in the immediate vicinity of traps in pre- 
vious field experiments, and following ob- 
servations to the effect that the moths fre- 
quently circle the traps in close proximity 
to the trap grids and later drop into the 
corn unharmed, three additional types of 
traps of different structure were tested 
against the standard cylindrical form that 
had previously been used. Two of the 
three were modifications of the plain 
eyvlindrical grid type. One modification 
consisted of two vertical galvanized baffle 
plates which were placed on either side of 
the grid and extended outward for 6 
inches. A second modification consisted of 
a vertical electrified grid extending out- 
ward for 6 inches on one side of the stand- 
ard circular grid. The additional trap was 
of the flat type with the lamp placed on 
one side in the approximate center of the 
grid. 
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Three traps of each type were used. 
One of each was used in each of three 
series, and they were alternated system- 
atically each night in both position and 
height. 

A total of 38,618 moths were taken from 
these traps during the While 
some differences occurred in the number 


Sscason. 


Table 9.—Number of moths captured in four 
types of traps used during 1940. 





First SECOND 
GENERA- GENERA 
lyre « PION TION Toral 
Trap Morus Morus Morus 
Cireular circular 
grid 1 S47 8.139 0 986 
Standard cy lindrical 
grid with side grid 1,787 S96 9 G83 
Standard evlindrical 
grid with baffle 
plates 1.850 § O03 9 853 
Flat 1.824 7. 26 9 O91 





of adults taken in the various types of 
traps, such differences are not significant 
under the conditions of this experiment 
Table 9). It is thought, after further ob- 
servations on corn borer moth flight to 
electric grid traps, that proper placement 
of the traps in relation to corn heights 
might eliminate much of the accumulation 
of larvae occurring in the plants under and 
immediately surrounding the light traps. 

EXPERIMENTAL Resutts.—-The 
results secured from these studies on some 
of the more important factors influencing 
the flight of corn borer moths to electric 
traps have shown that the moths prefer 
certain color bands of the visible spec- 
trum. The violet-blue band proved the 


basic 
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most attractive. In a comparison of H-J 
and (.Y lamps it was found that the H-| 
lamp, from which the percentage of over. 
all input radiated in the violet and blue 
spectral bands was approximately four 
times the percentage of these colors radi- 
ated by the CY lamp, attracted approxi- 
mately 10 times as many moths as did 
the (.Y lamp. 

Ultraviolet radiation below 3,200 Ang- 
stroms did not add to the attractiveness 
of lamps as a lure for corn borer moths, 
and the moths showed no preference for 
lamps radiating ultraviolet energy of 2,967 
Angstrom units. 

The size of the luminous area Is of some 
importance in attracting the moths. An 
increase in the ratio of the size of the 
luminous area from one to eight times in- 
creased the attractiveness of the radiant 
energy source approximately five times, 

The intensity of the source of the radi- 
ant energy in the region visible to the 
naked eve is an important factor affeet- 
ing the attractiveness of lamps to the 
European corn borer. The number of 
moths attracted to the radiant cnergy was 
in almost direct proportion to the inten- 
sity of light visible to the human eye. 

Field studies indicated that the corn 
borer moths showed a_ preference for 
those traps which were placed on the 
high spots of the field when corn heights 
were about equal Moths were captured 
in the greatest numbers when the traps 
were operated just above the level of the 
corn. 

No significant difference was noted in 
catches from four types of traps having 
differently shaped eclectrocutor grids. 
$-21-40 
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Resistance of Corn Strains to the Southern Corn Rootworm, 
Diabrotica duodecimpunctata F . 


Joun H. Bracer, Maven O. SNELLING, and Ratpn A. BLancuarp? Urbana, Illinois 


The southern corn rootworm, Dvia- 
hrotica duodecimpunctata I., is respon- 
sible for a great deal of lodging in corn 
fields throughout the Corn Belt. The re- 
sistance or susceptibility of strains of corn 
to this insect has been observed at several 
locations in Illinois over a three-year pe- 
riod, 1937 through 1939. 

Because it has not been possible to ob- 


tain efficient and economical control of 


root feeding by the southern corn root- 
worm on a field basis in the Corn Belt by 


cultural practices, insecticides, or other 


commonly used methods it Is necessary 
to seek another solution of the problem. 
The data summarized here indicate the 
possibility of reducing the injury by the 
use of resistant strains of corn. 
HistoricaAL STATEMENT.—Injury — to 
corn roots, which was undoubtedly duc 
to the southern corn rootworm, was first 
reported by Yancey in 1828 Webster 
1892; Yancey 1828). Insect damage to 
the roots of corn, which, according to 
the descriptions was typical rootworm 
feeding, was reported numerous times 
from 1828 to 1888 without being asso 
ciated with this insect. The relation be 
tween the larva doing this damage and 
the adult of this species was probably 
first recognized by Riley in 1883 (Gar 
man 1891; Riley 1891) when he reared 
the beetles from larvae sent to him after 
being collected where they were causing 
the damage that was commonly called 
“budworm” or “drillworm”’ damage. Web- 
ster ISSS first associated Diabrotica duo 
decimpunctata with “budworm”™” damage 
to corn in the field in 1887. Previous to 
that time the insect was generally con 
sidered a pest of cucurbits, legumes, fruit 
trees, and various flowers and was com 
monly known as the squash beetle, melon 
heetle, 12-spotted Diabrotica. or 12 spol 


{ ooperat 


ive investigations of the Illi s Natural Hist« 
“urvey, the Division of Cereal Crops and Diseases, | 

Plant Industry, the Division of Cereal at 1 Forage Insect Inves 
tigations, Bureau of Entomology and Plant Quarantine, U.S 
Dept. of Agriculture. and the Illinois Agricultur 
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ted cucumber beetle. The name spotted 
cucumber beetle is now recognized as an 
alternate common name for the insect by 
the American Association of Economic 
Entomologists. This insect was first re- 
ported as a pest of corn in Illinois by 
Forbes (1892). However, the kind of 
damage this insect does was recognized by 
Forbes (1894) as early as 1886, although 
the damage was not then associated with 
the southern corn rootworm. 

No records of any attempts to measure 
the damage actually caused by the feed- 
ing by the southern corn rootworm on 
the roots of corn were found in the litera- 
ture. Forbes (1892) described the lodging 
that occurs following the root damage. 
Ile also stated that the injured plants 
mature slowly, remain green longer than 
the average, and often are subjected to 
injury by frost. 

Resistance to southern corn rootworm 
of certain double crosses has been reported 
by Bigger et al. (1938). 

Lire History. —The life history of the 
southern corn rootworm in the Corn Belt 
is not entirely known. Isely (1929) and 
\rant (1980) have reported on life his- 
tory studies in Arkansas and Alabama, 
respectively. Sweetman (1926) worked on 
the life history in Iowa in 1924, and re- 
ported only one generation in that par- 
ticular season. However, Sweetman points 
out that the season in which his studies 
were made was characterized as being cold 
and rainy during the spring and summer, 
and these conditions may have been re- 
sponsible for the development of only 
one generation. Forbes (1896), Luginbill 

1918), and others believed that this in- 
sect has two generations each year. Obser- 
vations made in Illinois have indicated 
that the southern corn rootworm has two 
generations in those years when it is a 
factor in reducing corn production. In 
general the adults have first appeared in 
May. Newly hatched larvae have been 
observed feeding on corn roots soon there- 
after. Many full grown larvae and pupae 
have been observed on corn roots during 
the first half of July. Adults appeared in 
the field again the first part of August. 
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Kgys deposited by some of these females 
gave rise to young larvae, most of which 
were in the prepupal and pupal stage early 
in September. Adults again appeared in 
the field the last half of September and 
early October. 
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Fig. 1 Effect of lodging on the pollination of corn, 
Left) Ear from erect plant where pollination Was 


normal, (center) ear from plant that had lodged bee 


fore plollination, and (right) ear from erect plant in 


crossing field where the pollen plants had lodged 
hefore pollination had heen comple ted 


The life history indicated above is sup- 
ported by records made during examina- 
tions of corn roots in connection with 
crop rotation studies at several points im 
Illinois during the past ten years and re 
ported by Bigger & Flint (1989). Addi 
tional support is furnished by an obser 
vation near Springfield, TIL, in 1938. On 
September 14 a field of rye was reported 
as being attacked by some insect. Several 
larvae were collected and reared, south- 
ern corn rootworm adults emerging from 
them October 3 and 5. The field was vis 
ited September 21 when both larvae and 
pupae were present. The field was visited 


again October 13, when it was impossible 


to find the insects present in any form in 
or near the field. They apparently had 
matured and left the neighborhood. 

It has been concluded by the present 
authors, from observations made in IlI- 
linois, that the southern corn rootworm 
adults usually migrate to the Corn Belt 
in the spring from the South as described 
by Smith & Allen (1932), and that fre 
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quently two generations are produced 
during the summer. 

DamMaGE TO PLANts.---Throughout its 
range south of Illinois the southern corn 
rootworm is recognized as an early-season 
pest of corn. The damage, which is jn- 
flicted while the plants are small and 
which frequently kills them, results from 
the burrowing of the larvae into the grow- 
ing bud near the surface of the soil. This 
type of damage is responsible for the 
name “budworm” or “drill-worm” ap. 
plied to the insect in the South. 

Damage to corn in the Corn Belt con- 
sists of root pruning and tunneling and 
occurs after the plants are more advanced 
in growth. This type of damage was de- 
scribed by Webster (1918) when he stated 
that roots and stems below the ground 
were grooved, furrowed and perforated, 
It was also recognized by Luginbill (1918) 





the feeding of 


Corn plants injured by 
adults of the southern corn rootworm 


Fic. 2 
when he stated that in older corn the 
worms injure the roots almost exclusively. 

Lodging of the plants frequently has a 
direct effect upon pollination of ears in 
the field. This is especially important in 





of 
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fields where hybrid seed corn is being pro- 
duced. Where the plants are erect satis- 
factory pollination is possible and well 
filled ears ordinarily result. If the ear par- 
ent is badly lodged pollen may fall only 
on the upper silks and a portion of those 
on the lower side of the ear will not be 





recommended for the reduction or avoid- 
ance of the damage it causes. Among 
them are: early plowing (Arant 1930); 
late planting (Chittenden 1905; Forbes 
1892); avoidance of low, wet ground 
(Smith 1908; Symons 1906); planting a 
large number of kernels per hill (Gossard 


- Sen 


~ 
* Se = 
= 


es 


w *. 


Fic. 3.—A susceptible hybrid that lodged following injury by the southern corn rootworm 


pollinated. If the pollen parent is lodged 
so that tassels are lower than the silks to 
be pollinated, incomplete pollination may 
result and poorly filled ears with irregular 
or round kernels may be obtained. These 
conditions are illustrated in figure 1. 

The increased use of mechanical har- 
vesters during recent years has intensified 
the demand for corn plants that will re 
sist lodging and that will remain firmly 
anchored in the soil through the harvest- 
ing season. Fields were observed in 1937 
in which the plants were so insecurely 
anchored following severe rootworm at 
tack that it was necessary to harvest the 
corn by hand, although a mechanical 
harvester was available. In all cases this 
condition occurred where open-pollinated 
varieties or rootworm susceptible hybrids 
were grown. Apparently very little dif- 
ficulty was encountered with mechani- 
cal harvesters where rootworm resistant 
hybrids were grown. 

CoNnTROL OF THE INsEcT.— During the 
period that the insect has been recognized 
as a pest, various methods have been 


1908). It is recognized (Garman 1889) 
that rotation is not effective in reducing 
damage, although it has been recom- 
mended with reservations. These prac- 
tices may reduce the early-season damage 
by the larvae, but do not prevent the 
destructive midseason attack on the roots. 
The development and use of strains of 
corn resistant to damage by the insect 
appears to be the only practical method 
of combating it during midseason. 
EXPERIMENTAL ResuLts.—Since 1937 
studies have been confined largely to in- 
bred lines and single crosses.' The data 
reported here were obtained at several dif- 
ferent locations in Illinois during a three- 
vear period. In 1937 data were obtained 
from the Dunn farm, north of Urbana, 
and from the Agronomy farm, south of 
Urbana. The plots on the Dunn farm 
were single rows ten hills long, the strains 
being replicated four times. On the Agron- 
omy farm a single 15-hill row of each 
strain was grown. In 1938 the test fields 


1 The writers are indebted to G. H. Stringfield, W. J. Munn 
and W. H. Freeman for some of the seed used in these studies. 








608 


were located near Pana, in south-central 
Illinois, and near McClure, in extreme 
southern Illinois. In the Pana experiment 
a single 15-hill row of each strain was 
grown. In the McClure experiment the 
plots were 1 by 10 hills and each strain 
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in both fields at Urbana, and a definite 
preference for certain strains was ob- 
served, both in the percentage of plants 
injured and in the intensity of the injury, 
This type of damage is shown in figure Q. 
Since the intensity of the injury seemed 


Table 1.—Effect of lodging in corn caused by the southern corn rootworm, 1937. 





AVERAGE oF Six Sampies, 25 Puants Eacu 

Degree Plants Kar Moisture Bushel Average Average Kars | 

of in weight in test ear ear poorly nsound 
lodging field air dry ears weight length diame ter filled corn 

w// Lbs ay? Lbs Inches Inches yp / 

Erect 55 18.9 19.8 57.5 9.0 2.1 2.0 0.3 

£5 35 15.5 22.4 57 0 7.9 2.0 26.7 0.9 

ow 10 9.1 25.4 54.7 6.5 1.8 50.0 t.1 





was replicated three times. In 1939 data 
were obtained from plots grown near Me- 
Clure, Ill. The inbred lines were grown 
in plots 1 by 10 hills which were replicated 
four times, and the single crosses in plots 
2 by 10 hills, replicated five times. 


Table 2.—Percentage of inbred plants showing 
leaf injury caused by the feeding of adult Dia- 
brotica duodecimpunctata F., Urbana, III. 1937. 





Per Cent PLants INJURED 

INBRED Dunn Agronom 

Lint I ifm Farm \verag 
Lil. 5679 80.8 21.9 6.4 
Ill. 2204 10.8 14.9 27.2 
Kan. Kys 25.4 0.6 28.0 
Il. A 10.5 17.4 290 
Ill. 5675 19.2 14+ 4 ‘1.8 
Kan. K4 35.2 3.1 $4.2 
Hl. K $8.5 20.0 4.3 
Il. Hy 19.4 28.5 iS 
Ill. 90 32.4 7.4 34.9 
Ind. Tr 51.4 19.0 55.2 
la Pr 26.4 16.6 35.6 
Ill. 4451 $9.2 27.1 38.2 
Ind. 38-11 6.4 10.9 18.7 
I. R4 37.0 $2.4 9.7 
Ill. 4211 $4.1 $6.2 15.2 
Ill. 5120 63 .2 1.7 17.5 
Ia. 1198 61.6 34.8 $8.2 
U.S. 540 16.4 6.1 51.3 
Ia. 1317 37.1 69.3 53.2 
la. 701 52.7 60.7 6.7 
ll. 5676 67.1 18.6 57.8 
ind. WE9 60.0 69.7 64.9 
Average £3. 0% 38.2% 
Range 19.2-67.1% 14.0-69.7% 





During 1937 data were taken on adult 
feeding and on lodging due to larval feed- 
ing. The beetles attacked the young corn 


to be rather closely associated with the 
percentage of plants injured, the latter 
has been used as a criterion for measuring 
resistance. Resistance of corn strains to 
larval attack has been measured by the 
amount of lodging that has occurred in 
fields known to be infested (Fig. 3). 

During the last two years records also 
have been made of the percentage of 
plants lodged 45 degrees or more at Me- 
Clure. These records are not included be- 
cause of the comparatively small amount 
of data procured. 

During 1937 an attempt also was made 
to measure the seriousness of southern 
corn rootworm damage to open-pollinated 
varieties of corn at six different locations 
where severe rootworm feeding had oe- 
curred. Ears harvested from 
plants that were erect, 25 plants lodged at 
a 45 degree angle and 25 


were 25 
2 
25 plants lodged at 
a 90 degree angle at each of the six loca- 
tions. Thus, the data shown for each 
type of lodging represent an average of 
150 plants. The samples for this study 
were harvested between October 10 and 
15, following a period of dry weather. 
Therefore, the high moisture content of 
ears from plants completely lodged was 
not due to weather conditions, but rather 
to delayed maturity which was considered 
to be the result of severe rootworm feed- 
ing. The data obtained are presented in 
table 1. It was found that, as the degree 
of lodging increased, the percentage of 
moisture in the ears, the percentage of 
ears poorly filled, and the percentage of 
unsound corn increased and the 
weight of the ears, length and diameter 


also 
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Table 3.—Difierential lodging of inbred lines with yellow endosperm color following attack by the 
southern corn rootworm. 








Per Cent PLrants Lopcep 30 DEGREES OR More 


Dunn \gronom) \verage* Average® 
Farm Farm Three Five 
INBRED Urbana Urbana Pana MeClure McClure Station Station 
LIN} 1937 1937 1958 1938 1959 Years Years 
Ind. 38-11 0.0 0.7 0.0 25.9 0.0 8.6 §.$ 
Kan. Kys 9.3 15.4 18.3 10.9 +1 21.1 17.6 
Kan. K+ 3.0 14.4 16.7 72.2 0.0 29 6 91.3 
Ind. B2 10.1 SS.9 0.0 0.0 29.6 
U.S. 187-2 70.4 32.1 7.4 56.6 
U.S. 540 30 3207 100.0 15.9 0.0 38.6 $4.5 
il). Hy 9.8 0.0 Os.0 56.0 2 41.8 27.0 
Ind. WF9 ISS 66.7 1.0 23.6 13.4 
la. Pr 53.6 O08 53.3 66.0 17.6 15.6 16.1 
U.S. 48 0.9 95.7 $18.2 0.0 18.0 
Il]. 5120 0.7 14.9 62.1 79.3 15.9 52.4 $2.4 
la. L3W 12.1 23.9 95.8 60.8 7.3 54.8 40.1 
1]. R4 97.1 17.5 93.5 32.8 $2.1 56.1 18.6 
{ll 5675 HI 11.8 100.0 16.0 37.7 61.2 18.3 
Oh. 02 SO). 7 70.9 30.8 62.6 
11] 5679 5.2 oo 0.0 
la 701 ; 5 ] ~ oo oO 0 
) la. 1198 9.9 2.4 
Ill. 4211 11.4 17.8 66.7 11.6 
Wis. CO6 lo.e 2.6 
Ill. 4226 IS.S 1.2 71.7 2.8 
Ill. 5678 19.6 * 95.3 13.0 
) Wis. CC2 19.7 
j Ind. LY 27 6 
Ind. Tr 4.2 bl .7 $2.5 $4.3 
[I]. 5676 7 5 10.7 
4 Ind. 66 MH) .2 
j Il]. 4451 17.4 3.5 
Hl. A 6.6 0.0 66.7 
: Ill. 2204 57.3 +7 93 
Ii] kK Oo 4 20-8 
I Il]. 90 80.4 62.2 15.6 
| Oh. 51 SL. 1 79.1 
S Ll. 5677 us 
a la. Mct0l ey 
4 la. Os420 ,0 
) Ill. A4s ».2 
t Wis. COS ».4 
t la. 1205 6.3 0 37 
a" Il. Nit 6.4 
Wis. COT “9 
h Ind. 461-3 s.0) 
if Wis. CC] 8.7 
y la. Os426 52.2 
d la. BIS49 2.9 
| la. L289 OS 
r. I Kan. K166 4.5 15.0 
of Oh. 28 72.4 26.5 
AS Oh. 07 89.7 75.9 
er Oh 56 100.0 O85 
‘ Oh. 67 o7 OBS 
1. OF 5.7 Y8 5 
(d- Oh. 26 95.5 
in - Hy 73.3 100.0 
: a. 1224 5 00.0 
—- Oh. 15-6 2 ? 8.3 
of U.S. GIRS . 
0.0 
of U.§8. 7 0.0 
of UU. 8. 2 0.0 
he J. 5.6 l.5 
U.S. LIRA 3] 
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Table 3.—Continued 
Per Cent Plants Lopcep 30 Decrees or More 
Dunn (stronomy Average? \verage® 
Farm Farm Three Five 
INBRED Urbana Urbana Pana McClure McClure = Station Station 
LINE 1937 1938 1988 1038 1938 Years Years 
U.S. 1 5.7 
Ind. P8 7.9 
Tenn. J8-6G 27.9 
Oh. 40B $4.2 
U.S. 5 $9.4 
Ind. R94 41.2 
Tenn. J7-2E 82.0 
Diabrotica duodecimy tata t Average of per cent lodged at Pana 1938, and McClure 1938, and 1939 


f cent lodged at all stations 


Average o 


per 


of ears, and the bushel test weight of the 
shelled grain, decreased. 

The term lodging, as used in this paper, 
refers only to that occurring as a result of 
the failure of the root systems to hold the 
plants erect and includes only plants 
showing evidence of insect damaged root 
systems. Plants leaning 30 or 
more from the perpendicular were con- 
sidered as “lodged.” 

The feeding preference of southern 
corn rootworm adults for the leaves of 
certain inbred lines is clearly shown in 
table 2. The extent of leaf feeding in the 
two fields was very similar with averages 
of 48.0 and 38.2 per cent of the plants in- 
jured, and a range among the inbred lines 
tested of from 19.2 to 67.1 and from 14.0 


degrees 


* Lodged badly 


count taker 


soon alter 


to 69.7 per cent of injured plants, re- 
spectively. There is little indication of 
agreement between the two fields in the 
amount of leaf damage suffered by the 
different lines. Furthermore, these prefer- 
ences of the adults do not appear to be 
correlated with the amounts of damage 
done to the different lines by the larvae. 

The amount of lodging occurring in the 
various strains of corn following root feed- 
ing by larvae of the southern corn root- 
worm is shown in tables 3 to 11 inclusive. 
The data relating to the lines with yellow 
endosperm have separated from 
those on the lines with white endosperm. 
This was done because comparable aver- 
ages of the two groups could not be ob- 
tained. 


been 


Table 4.—Differential lodging of the single crosses of certain inbred lines following attack by 
southern corn rootworm. Data covering five station years in Illinois. 








AVERAGE PercentaAGes or PLANts Lopcep 30 Decrees or More ix THE NUMBERS OF 
SINGLE CROSSES, AT THE STATIONS, AND IN THE SEASONS INDICATED 
Dunn Agronomy \verage 
Farm Farm Five 
ComMMON Urbana, Urbana, Pana MeC lure McClure Station 
PARENT 1937 1937 1938 1988 1939 Years 
Ind. 38-11 16.7 (4) 6.8 (6 53.0 017 64.6 (17 3.8 (11 290.0 
Kan. Kvs 61.2 (1 50.1 (6 60.3 (8 50.3 (3 14.8 (8 i. 
Ind. WF9 0.34 21.2(9 62.2 (17 64.6 (5 32.6 (11 14.2 
la. Pr $4.0 (3 23.7 (12 90.1 (1 62.7 (1 13.3 (2 16.8 
U.S. 540 57.8 (3 19.9 (5 90.0 (17 59.0 (7 10.8 (6 47.7 
Ila. L317 63.2 (7 20.6 (16 68.6 (17 79.0 (11 11.6 (12 18.6 
Ill. Hy $6.1 (10 27.4 (16 76.2 (17 82.5 (6 19.9 (14 50.4 
Ill. R4 73.2 (18 $2.9 (26 82.0 (9 71.8 (11 26.3 (11 37.2 
Ill. 5120 58.2 (6 26.8 (28 67.5 (8 86.4 (6 10.2 (4 so .8 
U.S. 4-8 54.2 (2 9.165 84.0 (8 72.9 (1 $8.4 (6 61.7 
Kan. K4 28.5 (2 50.9 (6 StS (2 7.2 (6 12.8? 
Aver of crosses 
represented 57.5 (48 28.5 (108 71.1 (83) 70.0 (46 20.8 (62 
Range 10.9te94.8 O.7to75.1 6.3 to 100 24.6to98.4 O0.0to 66.2 
See text page 611 Number in parentheses indicates number of crosses involved ? Average station vears 
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The average percentages of plants shows an average of one group for 2 years, 
lodged, of the ye ‘llow aheod lines, in each namely, 1938 and 1939. 
test are shown in table 3. Three-station- _ The relative resistance of the parental 
year averages were computed for 15 of inbred lines to the southern corn root- 
the lines and five-station-year averages worm is reflected in a general way in their 
were computed for 10 of the line S. The 


behavior of many of the lines was rather Table 5.—Performance of all possible single- 
variable. In a few cases, lines that were cross combinations among six inbred lines fol- 
mee lowing attack by southern corn rootworm on the 


resistant in one test also were resistant Agronomy Farm, Urbana, Ill., 1937. 


in other tests, and likewise those that 





were susceptible in one test also were Per Cent PLants Lopcep 30° on More 
susceptible in other tests. rhe line, Ind. Inexen Line Ia Ind. Il tl i, In. 
88-11, was very resistant to lodging fol- INVOLV ED 1317 WE9 5120 Hy Rt rr 
lowing southern corn rootworm attack. la. L317 23.0 13.9 27.6 9.0 16.8 
ss . E ‘tted to hv Ind. WF9 23.0 14.6 27.8 36.7 24.0 
[his resistance also is transmitted to hy- — jy"s;20 13.9 14.6 35.2 37.0 30.3 

ci an as } , able 6 Ill. Hy 27.6 27.8 35.2 19.6 42.2 
brid combinations as 1s shown in table 6, Ill Hy Ss Se 42.8 

Lodging data for inbred lines’ with Ind. T: 16.8 24.0 30.3 42.2 53.0 
white endosperm color ure shown in Average lodging 

,, ate + spate ‘ j of single 

table 10. Phe se data inncli¢ ate that, with of ang acai cae tee akan ee 
further testing, they will tend to fall into 

, be 7 hoe Average lodging 
high, low and intermediate groups. of inbred lines 

The cana ag of the inbred lines in as such in field 23.9 4.9 0.9 17.5 61.7 





single crosses is shown in tables 4 to 9, 
inclusive, and in table 11. The results — hybrids. The single crosses involving lines 
that have been obtained from = single — resistant to the insect are more resistant 
crosses involving 11 inbred lines are than those involving susceptible lines. 
given in table 4. This table shows the This is demonstrated in a comparison of 
average lodging of all of the single crosses tables 8 and 9. The crosses within these 
involving these lines in five tests. The re- two groups were tested together in the 
sults shown in tables 5 to 9, inclusive, same randomized blocks. Table 8 includes 
and table 11 represent the lodging of — lines with an average lodging of 6.7 per 
single crosses among inbred lines crossed cent and table 9 includes lines with an 
in all possible combinations. Table 7 average lodging of 27.8 per cent. The 


Table 6.—Performance of single cross combinations among 18 inbred lines following attack by 
southern corn rootworm. Pana, IIl., 1938. 





LODGING 


lennon AVERAGE INBRED LINES 
LINE INpb INpb lowa Iu Ou U.s Ou. U.S. SINGLE as Sucu 
InvoLveD 38-11 WEF9 L317 Hy 56 187-2 07 540 CROSSES IN THE FIELD 


Per Cent of Plants Lodged 30 Degrees or More 


Ind. 38-11 100 10.6 42.3 $6.7 73.3 65.5 74.2 63.2 0.0 
Ind. WF9 100 71.9 55.2 50.0 90.5 83.3 74.2 74.7 66.7 
la. L317 10.6 71.9 87.5 93.8 93.8 76.9 100. 75.0 95.5 
Ill. Hy 12.3 55.2 87.5 86.7 64.3 100 86.7 76.9 68.0 
Oh. 56 16.7 50.0 938 86.7 67.9 92.9 100. SO.6 100 

U. S. 187-2 7a.8 90.5 93.8 64.3 67.9 84.6 190 82.1 70.4 
Oh. 07 65.5 83.3 76.9 100 92.9 84.6 100. 86.2 89.7 
U.S. 540 74.2 74.2 100 86.7 100 100 100 90.7 100 

Oh. 28 6.3 18.2 6.7 56.7 96.9 78.1 88.9 74.2 59.5 74.2 
Kan. Kys 33.3 68.5 34.6 67.9 71.4 92.9 50.0 93.8 60.3 48.3 
la. 1205 35.7 $3.7 75.0 69.2 56.3 73.1 92.0 93.3 66.8 30.0 
Oh. 15-6 50.0 »§=62.5 17.9 58.6 89.7 81.3 85.2 92.6 67.2 . . 
Ill. 5120 55.2 $4.4 13.8 84.0 86.2 58.6 96.7 71.9 67.5 62.1 
Oh. 67 3:3 50.0 75.0 65.4 96.6 75.9 100. 100. 74.3 35.7 
Kan. K166 12.5 81.8 68.8 100 73.3 89.7 100. 100, 78.3 54.5 
lil. R4 93.8 60.7 78.6 $4.6 89.7 90.0 64.5 93.8 $2.0 93.3 
U. S. 4-8 69.0 61.38 93.3 92.9 90.3 80.6 90.6 93.8 84.0 95.7 
Oh. 02 71.0 8000 58.3 98.1 100 100 100 96.9 87.4 86.7 


Average 53.0 62.2 68.6 76.2 81.7 82.0 86.5 90.9 
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Table 7.—Performance of all possible single- 
cross combinations among six inbred lines fol- 
lowing attack by southern corn rootworm at 
McClure, Ill. Average 1938 and 1939. 





Per Cent PLAnts I GED SO n Morr 


INerep Lin Ind U.s Ind l la Il! 
INVOLVED S-11 540 Wo Hy L317 R+ 
Ind. 38-11 0.8 ! 3.4 ( 0.9 
U.S. 540 0.8 «0 t 16.0 3.3 
Ind. WE9 1 0.1 | $ s.1 
Il). 1.4 26.1 ! 0.9 5.9 
la. LSI ( 16.0 t 6.4 
Il. Re 20.9 2s s ’ ‘ 
Averag 
“ o ; } \ \ ‘ 








average lodging of the single crosses of 
these two ZYroups of lines is 8.6 per cent 
and 44.8 per cent, respectively. Lines IIL. 
Hy. and Ind. WF9 are included in both 
groups and permit an additional compari 
son between the two groups 


Table 8.—Performance of all possible single- 
cross combinations among six inbred lines fol- 
lowing attack by southern corn rootworm at 
McClure, IIl., 1939. 





Per ( Prants I ) M 

I I I I I ts ts I 

I 5 I H " ~ Wrko 
Ir $4.) 
la. I +4 ' 
i. “ 
U.S. 5a . +4 
I. Ss 18 4 44 
Ind. WF9 ‘ ' t4 
\verag 
Averag ig 





Table 9.—Performance of all possible single- 
cross combinations among seven inbred lines 
following attack by southern corn rootworm at 
McClure, Ill., 1939. 





Per ¢ I I ‘ Mor 
I I | . u.8 i. I | ) 
I ' H son ts Wi 
lH " . 14.0 
‘) son \ 5 ( « 
ts. 4S 14 ‘ ) ‘ ) 
‘) ~ ‘ \ ‘ t 
I Wo . ‘ ’ " 
I ”) 44.9 ‘ ) ) 
fe) 7 tit s ) 
\verag 
ss s 4 4 $4.5 4 ) 
Average lodging 
T * 
$8 +t ) 9 
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Summary. The southern root- 
worm, Diabrotica duodecimpunctata I. is 
responsible for much lodging in corn 
fields throughout the Corn Belt. This in- 
jury recognized 1892. 


corn 


has been sine 


Table 10.—Differential lodging of inbred lines 
with white endosperm color following attack by 
the southern corn rootworm. 





Per Cent PLants Lo 





GEDSO on More 
INBRED Urbana MeClure MeClure 
LIne 1958 1938 1939 
Ky. 13 0.0 12.4 
2. & 83% mo std 
U.S. Ila yo oo 
LI]. 5968 7.4 >S oo 
lil. 5969 15.0 
Kv. 30A i7 9 os 
.8.2 3 4 
tos. 61 + 7.1 
Mo. BLos 4 0 >.8 
Ky. 27 25.0 f +. ] 
Kv. 89 ou 
lS. 6 17.8 
Ind 33-16 ot 0 i) 3 
Kan. K22 ot oo 
Ky. 21 bt lf ) 
Ky. 122 0 
I s. 41 oS] 
| Ss. 24 Go 8S 
Av. 73 oo 
Ky. 50 71.4 gu 8 
. S$. 48 74.6 
Ky 7.3 
Kan. AG 44.8 r 
kK OTS 79.2 xv 
Ky. 39 97.2 WO ro 
Ky. 36 hoo ea 
Kv. 24 100.0 
kK 2s oo 0 
Kan. Pst io 
> ta W.H 
I n, Spec Res \ I Gs f the 
I \gr boxy - 


Table 11.—Performance of ali possible single- 
cross combinations among six inbred lines follow- 
ing attack by southern corn rootworm at Mc- 
Clure, IIl., 1939. 
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Damage occurs after the plants are ad- year period in several localities in Illinois. 
vanced in growth and is characterized by The data indicate a differential response 
pruning and tunneling of the roots. of the plants to larval attack. The Indiana 

Data obtained show that infestation by — inbred line 38-11, was outstanding in its 
the southern corn rootworm caused in resistance to lodging following rootworm 


creases in lodging of the plants, in the — attack either as an inbred line or in hybrid 
moisture content of the ears at harvest, combinations. 


and in the proportion of poorly filled ears Some inbred lines suffered markedly 
and unsound corn. Pollination may be af less leaf injury from the feeding activity 
fected adversely by lodging occurring at of the adult insects than other lines 
tasseling time grown in the same experiment. 

The resistance of corn strains to larval The resistance to the injury caused by 


attack was measured in these experiments the southern corn rootworm is shown to 
hy their resistance to root lodging on soil — be heritable. The development and use of 
known to be infested with the insects resistant strains appears to be the only 
Data on lodging were obtained on inbred — practical method of reducing the damage. 
ines and single crosses during a three 6-30-41 
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Quantitative Dietary 


W.\ 


The predatory bug, Phymata pennsyl- 
ranica americana Melin, lends itself well 
to research on the principles of nymphal 
growth and adult life as these are affected 
by quantitatively differentiated rates of 
feeding. It is common, large and _ phleg- 
matic, collected, handled, 
weighed and dissected with and 
thrives on the easily-cultured Drosophila 
melanogaste rand Musca domestica. 

Procepure. ~The results reported here 
have been obtained from several series of 


hence Is 
cCasc, 


ki l Diet and lifetime of P/ Series G 


Phymata reared from over-wintered eyvYys 
and from adults collected in the field. Dh- 
vided into series and caged individually, 
the bugs from both sources were placed on 
a fixed schedule of daily feeding designed 
to produce a maximum spread in their de 
velopment and life. By weighing lots of 
whole flies and sucked out flies, the aver- 
age adult Musca to contain 
approximately as much sub 
stance as 17 Drosophila flies. The quan 
tity of food utilized by the bug Was there 
a fair degree of ac 


was found 
ingestible 


fore measurable to 
curacy. The bugs of the “‘less-than-opti 
mum-fed” series mostly removed all the 
liquifiable substances from the captured 
flies. When not thus completely drained 
out, the per cent of matter removed was 
estimated by crushing the discarded flies 
on paper within the 24-hour period follow 
ing feeding. 

Humidity and temperature in the cages 
were not kept at a constant level during 
the experiment, but since these factors 
were alike for all bugs alive at any given 
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Studies on Phymata' 


ity of Illinois, Urban 


time, they played a negligible part in pro- 
ducing the differential effects to be noted 
below. Room temperatures ranged from 
70 to 95 Fahr., but humidity was kept 
above the dry indoor level. Weights cited 
were obtained by means of a Chainomatic 
scale accurate to one ten-thousandth of a 
gram. The essential data presented in 
tables 1 and 2 represent summaries of ex- 
tensive day-by-day records. Some of these 
data are also expressed graphically in 
figures 1 and 2. 

Measures or Dirtary Errrcts. 
Several kinds of conerete results were ob- 
tained from this study. These may be re- 
garded as measures or criteria of the 
quantitative effects produced on the ex- 
bugs by the differentiated 
For the nymphs these 
measures are (1) the number of individ- 
uals surviving from instar to instar, and 
2) the duration in day s, or rate of growth, 
hoth in the instars and in the 
nymphal period as a whole (Table 1), 
For the adults, available measures are (1 
body weights, (2) body lengths, (3) lon- 
$) extent of sexual activity, 1.€., 
number of 


perimental 
diets imposed 


several 


gevity, 
coupling and mating, and (5 


Fic. 2 Diet and duration of instars 
eggs secured by deposition and by post- 
mortem dissections. 

Resuuts.— That diet exerts a striking 
effect on the growth and life of insects 
may be safely assumed from common ex- 
perience with vertebrates. But the nature 
and extent of that effect can be learned 
only from experimentation. The most ob- 
vious result of the present dietary exper- 
iment is the general fact that the average 
survival and rate of development of the 
and the longevity, 


nymphs, average 
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weight, size, mating activity and sexual 
productiveness of the resulting adults, 
largely are directly proportionate to the 
quantity of prey allowed the 
other factors being equal. However, re- 


species, 


search now in progress begins to indicate 
that quality of diet significantly supple 
ments the quantity factor in’ producing 
these differential effects. 

More concretely, these tests have shown 
that Phymata pennsylranica americana is 
remarkably flexible in its adjustibility to 
the food supply available. The extreme 
range of this flexibility is exhibited by the 
results given for series B and G (tables), 
B representing the least quantity of prey 
that enabled nymphs to complete their 
growth in the maximum time and to yield 
the smallest number of lightest, 
diminutive and absolutels sterile adults 
obtainable under the conditions. On the 
other hand, the diet allowed G produced 
the largest, heaviest, longest-lived, most 


most 


vigorous and highest-vielding adults in 
the minimum time possible to the species 
under pre vailing conditions. In the course 
of its combined nymphal and adult life, 
the average bug of low-fed series B, re 
gardless of sex, ingested a total of 0.0246 
gram of pres food, while the average opti 
mally fed bug of consumed 
0.7356 gram, or about 30 times the 
tity allowed to series B. For the mter 
vening series © to G, the corresponding 
weights of matter sucked from the Dro 
sophilas and Muscas were 0.0288, 0.0624, 
0.1224 and 0.2970 gram. respectively. 
Summing up briefly the results given 
by the above extreme series, I find (1 


series G 


that the average optimum-fed G bugs 
sucked out $8.2 times more Drosophilas or 
Musea equivalent as nymphs and 218 
times more as adult females than did the 
bugs of the threshold series B: (2) that 7.5 
times more of the optimum-fed nymphs 
became adults, (3) that these required 
only about one-third as much time for de 
velopment, t) that lived five 
times longer, So measured one-third 
larger and (6) weighed 6.8 times heavier 
than the single female of the minimum 
fed series (figure 1 

\ relationship hetween diet and Phy 
mata life similar in kind to that deseribed 
above for series B to (; Was reflected also 
by forty wild females taken from the field 
soon after they became adults. Divided 


females 
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into four series of ten bugs each, all re- 
ceived a diet of one Musea per day for 11 
days. This was done with the thought 
that uniform feeding would tend to can- 
cel out the individual differences which 
had appeared in them during the nymphal 
life in nature. Thereafter, series I was al- 
lowed three Muscas per day, series II one 
Musca per day, III a Musea in four days 
and IV one fly each eighth day. Although 
distinct, the effects of these diets on 
longevity, bodily weight and egg produc- 
tion were less extreme than those reported 
for reared series B to G (tables), in which 
both adults and nymphs were reared on 
measured amounts of prey. During the 
period of differentiated diets, the four 
series sucked out an estimated average of 
1.5, 0.75, 0.25 and 0.12 Museas per day, 
respectively, lived averages of 55.7, 60.9, 
55.8 and 29.2 days per bug, and produced 
average totals per series of 589, 461, 159 
and 139 eggs. Compared with reared series 
\ to G, these results strongly suggest that 
not only the amount of food available to 
the mature bugs, but also the quantity 
secured by the developing nymphs plays 
a major part in determining their longev- 
itv, weight, size and sexual productivity. 
Rearep anp Fietp Bucs Comparen. 
Extensive observations in the field in- 
dicate that adults underdeveloped to the 
extent of B series bugs rarely occur in 
nature. On the other extreme, 479 adult 
wild bugs contained no males nor females 
that quite equalled in weight the heaviest 
bugs reared in G. The heaviest six field 
males ranged from 0.0297 to 0.03825 gram 
as compared with 0.0826 grams for the 
heaviest male of series G, while the cor- 
responding weights of the four heaviest 
field females ranged from 0.0618 to 0.0682 
gram as compared with 0.0724 gram for 
the heaviest female of series G. These top 
weights characterized the field adults 
from late July to early September when 
the species was at its reproductive peak. 
Moreover, the G bugs are also slightly 
larger than the biggest young adults from 
the field, the males and females averaging 
9.17 and 10.8 mm. in length, as compared 
with averages of 8.9 and 10.4 mm. re- 
spectively, for the wild series. These data 
tell us that the optimal dietary and cli- 
matic conditions in nature are not quite 
as favorable for Phymata life as 
maintained in captivity. 


those 
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The amount of prey taken by Phymata 
in nature can be inferred approximately 
by comparing weights of wild bugs with 
those of the reared series whose dietary 
intake was learned experimentally. On 
this basis the majority of field Phymata 
probably sucked out the approximate 
equivalent of 368 to 1622 Drosophilas in 
the course of their combined nymphal and 
adult life. The above figures pertain to the 
better-fed series, E, F and G (tables). 
Such field bugs should therefore live as 
long, be as large and heavy, and produce 
as many eggs as recorded for these series 
in table 2. However, the lower-weight 
field bugs are most nearly equivalent to 
those of series D, in which small, weak 
and completely sterile adults were pro 
duced. It therefore, that 
adults in nature actually live on a purely 
somatic level and lack the capacity to re- 
produce because they are underfed as 
adults or nymphs, or both. Coneretely, in 
reared series B to G (tables), the rate of 
egg production increased from 0 in B, C 
and D to an average of 2.0, 35 and 100 
eggs per female in E, F and G, so far as 
postmortem examinations were made. 

Freepinc Capacity. Because series G 
tables) was given all the flies it was able 
to suck out, it provides a fairly accurate 
picture of the maximum feeding capacity 
of both nymphs and adults employed in 
this test. The average male nymph re- 
quired 536.59 Drosophilas, or Musea 
equivalent, and the female nymph 558.59 
such flies to complete its growth in the 


seems, some 


minimum period, whereas the adult male 
used an average of 692 Drosophilas and 
the female 1525 during its lifetime. This 
amounts to an average total of 1228.59 
flies for the male and 2083.59 for the fe- 
male during the combined nymphal and 
adult life. These Drosophilas are approxi- 
mately equivalent in food quantity to 72 
and 122 Muscas, respectively. 

Those adults of the forty field females 
which received a Musca fly at intervals 
of 4 and 8 days were weighed before and 
after the time of feeding. Such weights 
show that the average amount of sub- 
stance hungry female adults are capable 
of ingesting at one meal weighed 0.0060 
gram. The weight of this maximum meal 
chances to represent approximately all 
the ingestible substance present in the av- 
erage housefly. The thoroughly hungry 
female Phymata therefore ingests, at one 
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feeding, a quantity of substance equiva- 
lent to approximately one-eighth of her 
own weight, using 0.0477 gram as a basis 
for calculation. This figure represents the 
seasonal average weight of 226 females 
fresh from the field. It was learned also 
that these 4 and 8 day-fed starved captive 
females lost weight during the period of 
low diets, hence they not only utilized all 
the food value of their meals but drew on 
the stored bodily reserves as well. They 
also exhibited sharp drops in egg produe- 
tion as compared with the better-fed series 
Land IL. Series II] experienced a per bug 
loss of 0.0076 gram and IV a loss of 0.0168 
gram during the period of differential feed- 
ing which terminated at death, while se- 
ries [lost 0.0025 and IT gained 0.0025 gram 
per bug at the same time. 

The original weights of series I to TV 
help to explain these discrepancies in the 
relation of dietary allowance and amount 
of weight sustained. The average 
weight of the individual bugs composing 
the four series was 0.0286, 0.0308, 0.0828 
and 0.0296 gram, respectively. In other 
words, the vields, longes itv. and 
weights obtained in the several series were 
proportional to two factors: (1) the quan- 
tity of food material supplied during 
captivity and (2) the bodily weight or 
vigor the bugs constituting the four series 
had attained at the time they were trans- 
ferred from field and placed on scheduled 
diets. It is noteworthy also, from data on 
the reared series of nymphs (tables), that 
liberal feeding in the early instars begets 
a greater capacity to feed in later stadia 
and in the adult stage. 

Diet AND Repropuctiviry. 
ering series B to G from the standpoint of 
diet in relation to reproductivity, they 
constitute two classes. The first consists of 
the lower-fed series B, C, and D, charac- 
terized by an entire absence of coupling, 
mating and egg production. Eggs were 
obtained neither by deposition nor by 
postmortem dissections. The diets allowed 
these series were therefore adequate only 
for somatic development and some de- 
gree of maintenance, and that adequacy 
varied directly with the amount of food 
provided by the schedule. The single 
female of B represented the bare sub- 
sistence level of somatic life, whereas the 
D adults, which developed no eggs, never- 
theless probably approached quite close 
to the reproductive level, for some eggs 


loss 


eye 


Consid- 
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were produced in the next higher-fed 
series E. The second class embraces the 
better-fed series E, F and G, all of which 
coupled, mated and produced CEES. How- 
ever, these functions varied quantita- 
tively in direct proportion to the feeding 
rate. Only 4 eggs were obtained in the 
least-fed series kK, and, moreover, these 
were the product of two bugs and were se- 
cured by postmortems. Four other females 
of E series yielded none. In other words, 
an average consumption of 120 and 225 
Drosophilas by nymph and female adult, 
respectively, was barely sufficient intake 
of food to bring the species to the thresh- 
old of reproduction. Furthermore, this die- 
tarv would obviously not sustain the spe- 
cies, for the eggs were neither deposited 
nor fertilized. But an average ingestion of 
252 and 590 Drosophilas per nymph and 
adult females respectively, of series F, in 

creased the mean yield of eggs to 35.5 per 
bug, hence this rate of feeding presumably 
enables the species to maintain itself. 
That these females were below average in 
vigor is indicated by the sometimes ab- 
sence of the golden frothy matrix with 
which optimum-fed females cover their 
eggs. Again, series A bugs, allowed all the 
prey they were able to suck out. utilized 
541 and 1525 Drosophilas per nymph and 
adult female, respectively, and produced 
an average of 100.7 eggs per individual. 

In general terms, these results indicate 
that the more nearly the amount of prey 
allowed meets optimum somatic require 
ments of the species, the greater is the per 
cent of ingested nutrient that becomes di 
verted to the reproductive function. And 
such diversion is initiated long before the 
maximum somatic development has been 
entirely achieved. The fact that egg pro- 
duction is affected so extremely by the 
quantity of food accessible suggests that 
many published egg records for captive in- 
sects probably do not represent the maxi- 
mum productive capacity of the species. 

It is noteworthy also that a series of fe 
males reared in 1939 on an optimum diet 
of Musca deposited an average of 235.36 
eggs per bug, which far exceeds the per- 
formance of the maximum-fed series G fed 
largely Drosophila’ supplemented with 
houseflies. Certainly the latter series of 
1940 was fed no less adequately, so far as 
quantity is concerned than the bugs of 
1939. This diserepaney in performance is 
possibly due to 1) qualitative difference 
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in diet, or/and (2) the existence of dis- 
tinct genetic strains in the species. 

Diet AND Duration or Lire.—Quan- 
tity of prey sucked out affects directly 
also the relative duration of the nymphal 
and adult stages. On the most scanty ra- 
tions (B series), the nymphal life was 12.5 
times longer than that of the resulting sin- 
gle adult female, whereas optimum-fed se- 
ries G exhibited a reversal to an average 
adult life 1.36 times longer than that of 
the nymph (figure 1). Moreover, series C 
to F arrange themselves between these 
extremes in direct accordance with the 
number of Drosophilas allowed by the 
schedule. In order to appreciate fully the 
differentiating effect of diet quantity on 
life, it must be recognized also that the 
average production of eggs ranged from 0 
in B to 100.7 in G at the same time that 
the adult life increased from 17 days in the 
former to 76.1 in the latter. That is, the 
effect of diet, particularly as related to 
females, must be measured in terms of 
egg production plus longevity, and not by 
the latter alone, for the nutriment ingested 
expresses itself in both these features of 
adult life. In males, perhaps relatively 
little of the food taken is diverted to the 
production of sperms. And inasmuch as 
male life is no longer than female life and 
the male body is considerably smaller, it 
is not difficult to understand why males 
observed in the field fed only one-fourth 
as often and generally captured smaller 
prey than the females (Balduf, 1940). 

Diet anp Duration or INstars. 
The percentage duration of the several in- 
stars of series B to F is, of course, regu- 
lated by the diets allowed the bugs by the 
feeding schedule (table 1). But because 
the nymphs of series G were given all the 
Drosophilas they were disposed to ingest, 
the percentage values should represent ap- 
proximately the ideal distribution of time, 
by instars, in this species. The per cents 
were 23, 16, 15, 19 and 27, respectively, 
for the five instars and these compare fa- 
vorably with 23, 19, 13, 17 and 28 obtained 
for the series of bugs reared in 1939 (figure 
2). The instars of field bugs doubtlessly 
depart considerably from these somewhat 
ideal percentages, for field studies have 
shown the Phymata population not infre- 
quently undergoes two or three consecu- 
tive days of relative or complete fasting 
due to inactivation of potential prey by 
cool weather or, more often, by persistent 
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brisk southwest winds. It is probable that 
nymphs suffer deprivation for the further 
reason that their flightless state incapaci 
tates them for free migration to more fa 
vorable feeding grounds. The instars in 
which such deprivations are experienced 
probably suffer noteworthy attenuation as 
a consequence. The results for series B to 
G afford good proof of this probability. 
Diet AND RELATIVE LIFETIME OF SEXES. 
In interpreting the relative longevity in 
males and table 2), the reader 
must be aware that nymphs and adults of 
both sexes were fed equal numbers of Dro 


females 


sophila per day. As a consequence, the 
normally larger and more voracious fe 


males more undernourished and 
stunted in growth than the smaller and 
less rapacious males, in all series except 
optimum-fed G. To the latter an unlim- 
ited amount of prey was supplied, which 
permitted each sex to exhibit fully its in 
The shuttling relation 
ship in the average durations noted in the 
males and females of series C to G (table 
2) may linked with the 

bulks or weights of sperms and 


were 


herent longevity 


be considerably 
relative 
eygs and the normal ditfere nees in SIZE and 
voracity of the males and females, as well 
as the differences in food allowed. In a se 
ries of field adults collected to obtain their 
weights, the greatest discrepancy between 
the two sexes paralleled the midseason 
peak of sexual productivity. This fact in 
dicates that the probably 
utilizing a comparatively larger portion of 


female was 
her food for the genesis of eggs than the 
male expended in spermatogenesis. 

Diet, Sex Ratio anp INstan Nem 
BER It is noteworthy that the numerical 
ratio of males and females obtained in the 
several table 2 
related with amount of food administered 
The food quantity factor as related to 
nymphs therefore seems to have no part in 
determining the sex of the resulting adults 
Furthermore, food quantity does not af 
feet the number of molts undergone dur 
ing «le velopment. Whether fed the opti 
mum or the minimum ration, whether the 
growth period was long or short, and the 
resulting adults large, heavy and produce 


reared series is not cor 
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tive, or small, light and sterile, five instars 
invariably composed the nymphal stage. 

Practica Resuuits.-This research 
also revealed some principles pertinent to 
biological control involy Ing predatory en- 
tomophagous insects. When not restricted 
to one generation per year by a diapause 
in the egg, as Phymata is, well-fed pred- 
ators probably tend to produce one or 
more additional eveles vearly than the un- 
dernourished reproductive individuals of 
the same species. Such accelerated growth 
is attainable through the greatly abbre- 
viated nymphal development and preovi- 
position periods induced by optimal cliet. 
Moreover, the comparatively big and vig- 
orous adults not only possess a greater ca- 
pacity for destroying pest species but 
vield a much larger number of eggs and 
nymphs which result in the multiplication 
and acceleration of the control value of 
the species. On the basis of one generation 
per vear only, the average individual male 
and female Phymata of series G destroyed 
the equivalent of 72 and 122 houseflies re- 
spectively. 

The extreme flexibility exhibited in se 
ries B to G in respect to size and weight 
has significance to taxonomy and economic 
entomology. To the first it demonstrates 
again how unreliable size and weight char- 
acteristics are as criteria of species. Surely 
a considerable number of morphological 
“species” now recognized in the literature 
on the basis of conspicuous size differences 
merely represent extreme size forms re 
sulting from inequalities of food secured 
during the feeding-growing stage. In re 
such flexi- 
bility in size and weight of the test species 
might readily prejudice the results per 
the effectiveness of the sub 


search on chemical insecticides, 


taining to 
stance tested. Lots of low-fed insects are 
clearly less tenacious of life than better- 
nourished lots, hence are probably more 
easily killed. If used as experimental sub- 
jects, such low vigor lots would give the 
false impression of satisfactory efficacy in 
the chemical under study, whereas more 
vigorous lots, developed on more ade 
quate diets, could prove quite resistant to 


the same material or dilution. 7-11-41. 
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Some Biological Observations of the Adults of the 
(Apple Maggot and the Cherry Fruitflies 


Wooprow W. MippLeKaurr, 


Incidental to some toxicological studies 
reported elsewhere Middlekauff & Hans- 
berry, 1941) there was an excellent oppor- 
tunity to make interesting notes on the 
biology of the adults of the apple maggot, 
Rhagoletis pomonella (Walsh), and the 
cherry fruitflies, Rhagoletis fausta (O. 5.), 
and Rhagoletis cingulata (Loew.). 

Puparia were collected from infested 
fruit which was placed in wire bottom 
cages over a layer of sand. The emerging 
larvae pupated in the sand and were sub- 
sequently recovered by flotation in water. 
These puparia were then placed in re 
frigeration for several months. They were 
then removed, placed in moist sphagnum 
moss and kept at room temperature until 
emergence took place. 

Weicuts or 24-Hour Ruacoveris 
\puLts. A necessary part of most of the 
toxicological investigations was the weigh- 
ing on an analytical balance of a consider 
able number of individual flies. The gen 
eral technique of Gaines, ef al. (1937) who 
weighed a large number of houseflies 
Musca domestica a Was followed. It Was 
felt that these weights presented in ana- 
lyzed form would be of general interest, 
and possibly useful in subsequent toxicity 
studies, particularly if one wished to dis 
ecard the extreme weights in favor of a 
group falling close to the mean. 

It is to be regretted that less than 100 
individuals of the two sexes of Rhagoletis 
cingulata and the males of R. fausta were 
weighed, but as stated above these weights 
were Incidental to other studies. All flies 
were weighed to the fourth decimal place 
ina small weighing vial after having been 
kept for 24 hours after emergence. They 
were provided with food which consisted 
of 3 parts of veasl plus 7 parts of honey. 
Water was pro\ ided separately ; 

The ranges, means and standard devia- 
tions of the weights are shown in table 1 


and histograms, figures 1, 2 and 3. 
\puis Honeypew as Foop ror THI 


\ppLe Maccor. It is rather generally 
known to entomologists that the adults of 
the apple and cherry maggots will readily 


The , nilelte ' Professe R Har 


Cornell Unive rsity, Ithaca, New York 


lap most moist or gummy substances with 
which they come in contact. If the adults 
are closely watched it can easily be seen 
that as they walk about over the fruit or 
leaves they are constantly extending the 
proboscis and applying the labeHa directly 
to the surface. This habit is not as indis- 
criminate as it may appear to the casual 
observer, since the proximity of food or 
moisture accentuates this labella-explor- 
ing habit. This behavior leads one to the 
obvious deduction that their chief source 
of food is moist or gummy exudates found 


Table 1.—Weights in grams of 24-hour adult 
Rhagoletis species. 





STANDARD 


Devia- NUMBER 

SP ES SEX RaNnat MEAN TION WeicHEeD 
R.y nella § OO17-.0110 0069 0018 280 
p 0025-0075 0046 oOO10 184 
R ng t . 0052-.0070 OO51 O08 65 
A 0026-0054 0038 OO07 52 
R. faust 00O15—. 0068 Oot 0008 150 
OOLS-— 0089 0030 0005 Aa 





in their normal environment. Such ubiq- 
uitous substances as aphis honeydew and 
fruit exudations are therefore logically sus- 
pect as an important source of food. 
Statements to the effect that the adults 
feed upon the above mentioned substances 
are relatively common and are usually 
based upon field observations. To deter- 
mine how long the adult apple maggots 
could live upon aphis honeydew and water, 
ten 24-hour-old adults were confined in 
individual vials such as have previously 
been described (Middlekauff & Hansberry 
1941) and were here provided every other 
day with a piece of rose leaf covered with 
honeydew excreted by the rose aphis, 
Macrosiphum rosae L. This piece of leaf 
approximately and one-half 
inches long by one-half inch wide and was 
clipped to a piece of cardboard to prevent 
smearing the vial and also to facilitate 
feeding. A piece or two of filter paper of 
similar size was clipped to the back of the 
cardboard to absorb excess moisture. This 
was changed with the rose leaf every other 
day. Fresh water was provided by means 
of a small cotton plug in the cork. Five fe- 
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Fig. 1 Distribution of weights of 24-hour apple maggot adults 
males survived 7, 29, 19, 25 and 28 days, an average of 40 days and a maximum of 


respectively, with an average survival of 
21.6 days. The males survived 34, 42, 24, 
26 and 23 days, respectively, with an aver 
age survival of 29.8 days. Controls sup 
plied with water alone were all dead with- 
in 5 days. Controls fed veast and honey 
and held in 6 by 6 by 6-inch cages survived 
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fruitly adults 


92 days. In the toxicity studies 4 days was 
the observation period. Since controls fed 
yeast and honey in individual vials lived 
well beyond this 4-day period no particu- 
lar attempt was made to determine the 
maximum longevity. One small series of 
flies, however, did live an average of 13 
days. 


This experiment definitely shows that 
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the adult flies are capable of living upon 
aphis honeydew for a considerable period 
of time. 

PARASITES FROM RHAGOLETIS PuPa- 
nia.'—The larvae of Rhagoletis pomonella 
from apples and R. fausta and R. cingulata 
from cherries are not heavily parasitized. 
From approximately 8,000 assorted pu- 
paria of the above species which were kept 
in moist sphagnum moss in cotton plugged 
flasks, less than one per cent recovery of 
Hymenopterous parasites was recorded 
over a 3-year period. Porter (1928) in 
speaking of Opius ferrugineus Gah. reports 
the interesting observation that the low 
percentage of larval parasitism of R. 
pomonella by this species may be due to 
the inability of the short ovipositor of the 
female parasite to reach the maggot larvae 
in the recently acquired host fruit. 

The parasites which emerged 
Rhagoletis puparia are listed according to 
host in table 2. 

In the literature, Opius melleus Gah. 
and QO. ferrugineus Gah. are considered to 
be the most important parasites of the 
genus Rhagoletis. The former is certainly of 
considerable importance in the bionomics 
of the blueberry form of the apple mag 
got. Lathrop & Newton (1983 reported 
an effective parasitism of approximately 
50 per cent. It is interesting to note that in 
this smaller fruit the parasite is much 
more effective. 

Three specimens of a new species be 
longing to the genus Galesus were reared 
from the apple maggot puparia. These 
were identified by Mr. C. F. W. Musebeck 
of the United States National Museum. 
Mr. Musebeck stated that this new species 
has previously heen recorded but as vet 


from 


has not been deseribed. 

Tests ror Presence or TarsatCuem 
ORECEPTORS. —-Recent authors havedemon- 
strated the presence of chemoreceptors 
upon the legs of several species of adult 
insects. These organs perform the fune- 
tion of taste and enable the insect to de- 
tect the presence of food merely by walking 
over or in it. While it ean be demon- 
strated that a feeding adult apple mag- 
got will frequently place the tarsi in the 
liquid upon which it is feeding, it is felt 
that this is due more to aceident or force 
of circumstance than to design. It has 
PN an 7 te nk M L Musebe Mr ALB 
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been noticed upon close observation that 
if the fly is at all hungry it seldom if ever 
walks into the liquid before sensing its 
presence. When a droplet of honey solu- 
tion is placed upon a glass slide and in- 
verted over the open end of a weighing 
vial, the enclosed fly can usually find the 
droplet without first touching it with the 
tarsi. It is not always adept at finding the 
food, however, for frequently a hungry fly 
will within several millimeters of 
some desirable food and not notice its 


pass 


Table 2.—Parasites from Rhagoletis puparia. 





R. cingulata: 
Bracon tdae 
Opius ferrugineus Gah. 1 + specimens 
R. fausta: 
Braconidae 
Opius sp. (lectus-lectoides 
complex) 
Chalcididae 
(Pachycrepoideus dubius Ashm.) 1 specimen 
Cyn ipoide a 
Eucoila sp. 


ew 


specimens 


specimen 


R. pomone lla: 


Braconidae 


Opius lectus Gah. 19 specimens 

Opius ferrugineus Gah. 1 specimen 

A phaereta muscae Ashm. 2 specimens 
Diapriidae 

Galesus sp. (undescribed) 3 specimens 


Eulophidae (One specimen 
broken in transit) 





presence until seemingly by accident it 
bumps into it. This inability to sense the 
presence of food is illustrated by tests 
conducted by Marshall (1933) with the 
adults of the apple maggot. He demon- 
strated that few flies were attracted to 
bait pans suspended in the apple tree. 
Frost (1929) reported from 50 to 100 
Rhagoletis cingulata caught in syrup bait. 
Marshall, however, states: “The mere 
presence of flies in bait pans is not evi- 
dence of a response to odor. Factors such 
as color of pans, distance of pans from 
fruit, and color of liquid are all important 
in inciting positive responses. A white pan 
was found twice as good as a gray one.” 
To determine the presence or absence of 
tarsal chemoreceptors 25 adult, 24-hour 
unfed Rhagoletis pomonella were fastened 
to small blocks of beeswax on insect pins 
according to the technique used by 
Deonier & Richardson (1935) working 
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with the housefly Musca domestica L. 
They found that touching a small droplet 
of sucrose to the fore tarsi of the housefly 
would cause the fly to extend the probos- 
cis and concluded from this response the 
presence of tarsal chemoreceptors. 
Theoretically, if chemoreceptors 
present on the tarsi any desirable food will 


are 


incite a positive response. For this reason 
the author decided to use a 10 per cent 
honey solution instead of sucrose, experi- 
mental feedings having demonstrated the 
palatability of this substance to Rhagoletis 
adults. 

Under a binocular MIcroOscope, a droplet 
of this solution was touched to the fore 
tarsi of the above 25 apple maggot adults. 
No positive response such as the extension 
of the proboscis, as reported for M. do 
mestica, could he note dl 

However, if the droplet was allowed to 
touch the labella the fly would eagerly ex 
tend the proboscis and rapidly wave the 
fore tarsi. The finds in 
these limited dat: 
that tarsal chemoreceptors are not present 


writer, therefore, 
presumptive evidence 
or, if present, are in insufficient numbers 
or effectiveness to bye lis¢ ful ltl detecting 


the presence of fe onl 
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may be summarized as follows: R. pomo- 
nella 0069 g., 0046 g.: R. ein. 
qulata O51 g., 0038 R. 
fausta OOF] g., * 0030 g. All flies 
were 24 hours old when weighed and had 
been provided with food and water during 
this holding period. 

Ten adult apple maggots were confined 
in individual vials and supplied with rose 
leaves covered with honeydew excreted by 
Macrosiphum rosae L. 


a 
an) 


the rose aphid, 
Fresh water was provided through a cot- 
ton plug in the perforated cork. The leaves 
were changed every other day. The num 
ber of flies was limited by the availability 
of aphius honevdew. The mean survival 
time was 26.1 days. Starvation checks 
were mostly dead within four days with a 
few surviving five days 

The following hymenopterous parasites 
are recorded from Rhagoletis puparia: R 
Opius fer- 
\shm., 


Cig 


pomonella, Opius lectus Gah.. 
{ p/ aere la nusgcde 
R 
i 
lata, Opius fe rruqineus Gah. R 
s complex 


ruqine us, Gah., 
(ralesus nn. sp., Fulophi lag Sp.: 
fausta, 
, Pachy 
cre poideus dubius Ashm., Eucoila sp. 
Tests for the of tarsal chemo- 
receptors using the method of Deonier & 
Richardson (19838 
results. 6-30-41 


Opius sp. lectus lector fi 
presence 


are given with negative 
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Toxicological Studies with Adults of Apple Maggot and 
Cherry Fruitflies 


Woovrow W. Mippiekaurr and Roy Hanssperry, Cornell University, Ithaca, N.Y. 


Several types of toxicity studies are re 
ported with the following aims in mind : 
To determine the comparative toxic tes 
of trivalent and pentavalent arsenic to 
the apple maggot, Rhagoletis pomonella 
Walsh), the cherry fruitfly, Rhagoletis 
cingulata (Loew), and the dark cherry 
fruitfly, Rhagoletis fausta (O. S.). This 
work follows closely the method of Pear- 
son & Richardson (1933) using the house- 
fiv. Musca domestica L. To study the 
toxicity of some nicotine compounds and 
Reinecke salt. using the same individual 
feeding method as used in the first section. 
To conduct cage tests with a miscellane 
ous group of insecticides, following the 
method of Boyce (1934) who worked with 
the walnut husk fly, Rhagoletis com pleta 
Cre ss. 

MATERIALS 
tioned otherwise the following materials 
were prepared by Dr. L. B. Norton of the 
New York State Experiment Station, Ge 
neva, to whom thanks are due for this and 
other valued assistance in the work. 


Unless specifically men 


Trisolium arsenate and trisodium arse 
nite. Solutions of these materials had a 
concentration of 1.01 grams AseQ; and 
1.00 gram AsO, per 100 ml. respectively 
and a pil when diluted 10 times of 11.54 
and 11.88 respectively. 

Reinecke salt. Ammonium tetrathioes 
anato diammino chromium NH.{(NH 
CriSCN),|. HLO, commonly known as 
Reinecke salt, was prepared from am 
monium thioevanate and ammonium di 


to the method of 


chromate according 
Dakin (1935 
Vicotine allaloid. This material was 
prepared and purified from commercial 
\t the time of preparation 
it possessed a specific optical rotation of 
168.90 degrees which indicates practically 
100 per cent purity. It was kept in the 


95°> meotine 


dark in sealed ampoules. 

Nicotine Re ines leate This insoluble com 
pound was precipitated from a solution of 
Reinecke salt with nicotine sulfate. Tt eon 
tains 31.75 per cent of nicotine 

Vicotine bentonite. X commercial grad 
Black leaf 155, manufactured by the To 
hacco By-Products and Chemical Corp., 


Louisville, Ky.) containing 5.4 per cent 
nicotine was used. 

Nicotine silicotungstate. This nicotine 
compound was prepared by the addition 
of 10 per cent silicotungstic acid to a solu- 
tion of nicotine acidified with HCl. The 
washed and dried precipitate, white in 
color, contained 10.12 per cent of nicotine. 
It is insoluble and the particles in suspen- 
sion quickly settle to the bottom of the 
container. 

Nicotine peat. Doctor L. N. Markwood 
of the Division of Insecticide Investiga- 
tion, Bureau of Entomology and Plant 
Quarantine furnished this material com- 
pounded with New Jersey peat. It con- 
tained 10.05 per cent of nicotine. 

Arsenate of lead. \ commercial grade of 
Grange League Federation acid lead ar- 
senate was used which contained 65.08 per 
cent PbO, 31.68 per cent AseOs, and 0.27 
per cent AsoOs. 

Calcium arsenate. \ commercial grade 
of calcium arsenate manufactured by the 
Niagara Sprayer and Chemical Company 
Inc., Middleport, N. Y., was used. It con- 
tained 42.08 per cent AscO; and .09 per 
cent AseOQs. 

Synthetic eryolite Synerolite ). A com- 
mercial grade manufactured by Jungmann 
and ¢ ‘Company, New York, N. Y. 

Barium fluosilicate (Dutoxr). A commer- 
cial grade manufactured by the American 
Fluoride Company, New York, N. Y. 

Phenothiasine (Thiodiphenylamine). A 
commercial grade manufactured by the 
Dow Chemical Company, Midland, Mich. 

Merrnuops._-The insects used in these 
experiments were reared in the insectary 
from puparia collected the preceding sea- 
son. Infested fruit was placed in trays 
which had tops and bottoms constructed 
of galvanized hardware cloth. The trays 
were placed over a layer of sand and the 
larvae emerging from the fruit dropped 
onto the sand and there pupated. These 
puparia were later recovered by flotation 
and placed in cold storage at 35° F. Here 
they were kept for 2 to 3 months. They 
were then removed, placed in moist sphag- 
num moss and kept at room temperature 
until emergence took place. The newly 
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emerged flies were placed in cages, pro- 
vided with food and water, and kept for 
24 hours before being used in toxicity 
tests. The food consisted of 3 parts of 
bakers’ veast in 10 parts of honey with 
water provided separately. 

The toxicity tests may be grouped un- 
der three headings as follows, based upon 
the compounds used and type of treat- 
ment: 

1. Comparison of trivalent and pentara- 
lent arsenic fed in individual doses. 376 
adult flies of the three species previously 
mentioned were first weighed to the 
fourth decimal placed upon an analyti- 
cal balance and were then fed varying 
amounts of poisons. The flies were per- 
mitted to feed by placing a droplet of the 
solution on a clean glass slide and invert- 
ing this over the open end of the weighing 
vial. 

By varying the concentration and the 
amounts imbibed, a wide range of doses 
can be secured. If the fly ingests too much 
liquid it will often regurgitate, therefore, 
it is necessary so to regulate the concen- 
tration that an adequate amount of poison 
can be ingested before repletion. [t is easy 
to tell when the fly is nearing repletion be- 
cause the abdomen becomes greatly swol 
len and much lighter in color due to the 
exposure of the intersegmental mem- 
branes. 

\fter feeding, the flies were 
and the difference in weight represented 
the amount of liquid consumed. From 
this, the dose on the basis of milligrams of 
As per gram of body weight could easily 
he calculated. These doses were used in 
the determination of the median lethal 
dosage (M. L. D.) as explained by Camp 
hell & Filmer (1929). The flies were then 
placed in individual vials and there kept 
under observation for four days. Food in 
the form of 3 per cent yeast in 10 per cent 
honey solution was supplied daily through 
a perforation in the cork which was stop 
pered with a cotton plug. Strips of ab 
sorbent filter paper were placed in the vial 
and were changed daily. Adequate con- 
trols were run with a complete absence of 
mortality during the four day period. All 
flies alive at the end of this period were 
considered unaffected by the poisons and 
were released. 

2. Individual feeding studies with 
fine com pounds and Re inecke salt. 


rewelghed 


nico 


The flies in these tests were handled ina 


JOURNAL OF ECONOMK 





ENT« IMOLOGY 


Vol. 34, No. 5 


manner similar to that used in the above 
studies. In order to increase their palata- 
bility, some of the compounds were dj- 
luted in 10 per cent honey instead of dis- 
tilled water. Insolubility or distastefulness, 
or a combination of the two, precluded the 
measurement of nicotine dosages. The flies 
were weighed before and after feeding, 
however, to ascertain whether or not they 
had fed. ; 

Five nicotine compounds were fed jn 
varying concentrations to one hundred 
and thirty-two adult flies. 

$. (age Tests. Laboratory toxicity tests 
were performed by the technique of Boyce 

1934). Rhode Island Greening apples 
were first washed under two changes of 
tap water and then dried with clean cheese 
cloth. These apples were then sprayed us- 
ing a DeVilbiss stationary gun at a con- 
stant pressure of 15 lbs. per square inch 
with continuous agitation of the spray 
mixture. The apples were sprayed on all 
sides until the droplets began to run. Ap- 
proximately 5 ml. of solution was required 
for each apple. All materials were diluted 
in a 20 per cent sucrose solution. Controls 
received stock sucrose solution only, and 
in amounts equal to those received by 
other units of the series. Two apples were 
provided for the controls because it was 
found that one apple was insufficient. The 
flies apparently lived long enough to con- 
sume all the sucrose and then starved to 
death. 

These apples were suspended in small, 
wire, sliding glass-fronted cages 6X6X6 
inches in size. A constant supply of fresh 
water was also supplied. A circular cellu- 
loid type of cage was tried and gave very 
satisfactory results 

The number of flies used in each test 
varied with the daily emergence, but was 
usually from 15-50 individuals. These 
were confined in the cages to feed upon the 
treated fruit. 

Materials used, their concentrations 
and the results are summarized in table 2. 
Most of the materials were used at a con- 
centration equivalent to about three times 
recommended field strength. 

The number of dead flies in each test 
was recorded twice daily, once in the 
morning and once in the afternoon, and 
these were not considered dead until all 
body movement had ceased. 

The time-mortality lines were plotted 


according to the method of Bliss (1937) 
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with the ordinates as net percentage of 


mortality on the basis of probits (proba- 
bility units) and the abscissas as log- 


arithms of the time of survival after 


treatment. The lines were fitted by eye 
to the logarithm-probit points (Figs. 1-4 
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Fic. 1. The relative toxicity of calcium and lead 
arsenate to the adults of Rhago etis fausta 
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Fic. 2.—The relative toxicity ol calcium and lead 
arsenate to the adults of Rhagoletis pomonella. 


Resuits. Comparison of trivalent and 
pentaralent arsenic fed in indiridual doses. 
The results of these tests are summarized 
in table 1. 

It is to be noted that the M. L. D. for 
both arsenicals is lower for the cherry 
fruit flies, indicating that they are more 
susceptible to arsenicals than is the apple 
maggot. 

Pearson & Richardson (1933) found 
that with trisodium arsenite the M. L. D. 
for the housefly was 0.18 mg. As gram, 
equivalent to 0.23 mg. AscO; gram of 
body weight. 

Individual feeding stud v s with nicotine 
compounds and Reinecke salt.—-Nicotine 
silicotungstate at concentrations of 48 mgs. 
of nicotine alkaloid per ml. of distilled 


water was offered to five adult apple mag- 
gots and was found to be slightly repel- 
lent. A new sample was made up’ using 
10 per cent honey instead of water and 
the amount imbibed was approximately 
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Fic. 3.—The relative effectiveness of various ma- 
terials applied in the form of spray to the adults of 
Rhagoletis pomonella 
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Fic. 4.—The relative effectiveness of Reinecke salt 
and several fixed nicotines to the adults of Rhagoletis 
pomonella 


doubled. Six flies were fed at this concen- 
tration. The concentration was then re- 
duced to 36 mgs./ml. of 10 per cent honey 
and fed to three adult apple maggots and 
six dark cherry fruit flies. Since no repel- 
lency was noted the average weight of the 
liquid imbibed in this last series was 
0014 g. which is a fairly large amount. 
No symptoms of distress were visible and 
no mortality during the four day observa- 
tion period. 

Nicotine peat at concentrations from 36 
to 12 mgs. of alkaloid per ml. of 10 per 
cent honey was offered to 23 adults of the 
apple maggot and dark cherry fruit flies 
but only at the lowest concentration was 
it possible to feed measurable amounts to 
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about half of the flies. Several insects ex 
hibited distress symptoms, but all recoy 
ered. 

Nicotine bentonite at a concentration of 
.24 mg. of alkaloid per ml. of water was 
fed to 20 adult apple maggots. It was not 
repellent. Some insects gave signs of dis- 
tress, but as with the above, no mortality 
resulted. 

Nicotine alkaloid in concentrations from 
10 to .0156 mg. of alkaloid per ml. of 10 


Table 1.—The toxicity of trisodium arsenate 





Vol 


ENTOMOL my 


NOMI 4, No. 5 
Reinecke salt in aqueous solution and in 
varying amounts was fed to. sixty-four 
adult apple maggots in conce ntrations up 
to 2.4 mg./ml. of water. If a lethal dose 
had been ingested, symptoms of ¢ xtreme 
distress were witnessed within 3 to 5 min- 
utes after imbibition. The initial Sy mp- 
identical far its could be 
determined, with those observed with nieo- 
tine Reieckate, with the « xeeption, how- 
ever, that only a very few recovered. 


were “AS 


toms 


and trisodium arsenite fed quantitatively to adult 


Rhagoletis.' Doses expressed as metallic arsenic. 





LeTHAl INTERMEDIATE ZONI SUBLETHA 
Dosa Dosact 
Rance Dosage Range No. of Rana M.L.D 
St bs ARS! IC Al ¥., gram mYv., gram Fli s hig pra lig. gram 
Na AsO) 16 Ol 1 7 le O4S 010 
R 
Na AsO) | “ 7) 14 Os ") Oye woo 
Na-AsO) 1] 4 OF Ww , “” 0 0S 
R 
Na AsO) "y AY ob? oO 27 mo Of , 07 
Na AsO) 14 mo .12 (MH 027 07 
Na. AsO) 





per cent hones was fed to 42 adults of 


R. pomonella, R fausta,. and R cingulata 
It proved to be repellent even at the low 
est concentration \ few flies imbibed 


small amounts and soon became violently 
ll. Regurgitation was noticed and all flies 
subse Cj le ntly recovered 

Nicotine Reineckate in concentrations 
from 32 to .1 mg. of alkaloid per ml. of 
water was fed to 27 adult apple maggots. 
This material was not repellent and the 
flies fed freely. The most startling indica 
tions of distress were noticed in about 3 to 
5 minutes after feeding. The first symp 
toms noticed were a paralysis of the hind 
quickly followed by the fly falling 
upon its back and feebly twitching and 


legs, 


waving its legs. Then the insect, as if ina 
sudden paroxysm of pain, would vibrate 
its wings and rapidly spin about the vial 
still remaiming upside down. Regurgita 
tion was frequently observed at this time. 
very indication seemed to point towards 
an imminent and speedy death. Surprising 
as it may seem, the flies had usually re 
covered completely within 15 to 20 min- 
utes. Only two flies died within the four 
day period 


Twenty-nine flies were fed doses rang- 


ing from .O12 to LO mg gram of body 


weight and were all dead within the four 
day period. Seventeen fed amounts rang- 
ing from .005 to .O10 mgs. grams of hod 


weight with ten dving and seven surviy 


ing. These constitute the intermediate 
zone and givea M.L. D.of 0O79mg. gram 
of body weight. In the sub-lethal zone, 
eighteen fed amounts ranging from .0007 


to .0O4 mg. per gram of bodv weight with 


all surviving. 


Test 


cage tests 


The results of the toxie- 
summarized in table 2, 


3. Cage 
ity are 
where the mean hours required for 50 per 
cent mortality is graphically shown for 
R. pomonella and R fausta In I ivs. ] } 
these mortalities are plott don the probit 
scale logarithm of the times. 

The sigmoid-shaped curve of a normal 


against the 


time mortality graph COTE rally becomes a 
straight line when the logarithms of the 
times plotted against the probits of 
mortalities. Theoretically then, the graphs 
In ligs 1 4 should have shown straight 
lines. That all do not conform to the nor- 
It interesting 


where the 


are 


Is 


mal is re aclily apparent 


to note, however. that mean 
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time for 50 per cent mortality is 96 hours 
or less, the curves are generally normal. 
The remaining eight curves, including the 
checks, are all more or less consistent in 
showing a curvilinear regression. This up- 
curve may possibly be due to a combined 
low toxicity and spaced feedings. 

The speed of toxie action of Reinecke 
salt and nicotine Reineckate to the adults 
of R. pomonella was striking. Caleium ar- 


senate, nicotine silicotungstate, arsenate 


tine Reineckate was due to the toxicity of 
Reinecke salt and not to nicotine. In gen- 
eral nicotine and its compounds were re- 
pellent to the flies and were frequently 
regurgitated. Violent effects which fol- 
lowed the feeding of the alkaloid and some 
of the compounds to the few individuals 
not repelled by them indicated a decided 
toxicity, however. 

Nicotine compounds fed in individual 
doses were regurgitated more than other 


Table 2.—Results of cage toxicity studies. 


























Grams Noem- Nom Mean Numper or Hours Requirep ror 
PER BER BER 5ON MorTALITY 
Miarertaus st LOO e.< Tests Fures 0 50 100 150 200 250 300 350 400 450 500 
Rhagoletis pomonella 
Sucros¢ control 2000 4 +4 8310 
Arsenate of lead 1.0 } 124 ee 
Calcium arsenate 1.0 ; 92 ao:=76 
Magnesium arsenate 1.0 ) 16 240) 
Synthetic ervolite 1.0 | 16 190 
Barium fluosilicate 1.0 | 19 150 
Phenothizaine 1.0 | is 312 
Nicotine Reineckat« 0.0 4 62 25 
Reinecke salt O95 ) 2 am’? 4 
Nicotine silicotungstate 1.5 ) 64 |aum296 
Nicotine bentonite 0 ) 60 I15 
Rhagoletis fausta 

Sucrose (control 20.0 l 25 250) 
Lead arsenate 1.0 | 20) | enn) 
Calcium arsenate 1.0 | 2() ej 





of lead, synthetic eryolite, nicotine ben 
tonite, magnesium arsenate, phenothia 
zine and barium fluosilicate were effective 


in the order named. 


Calelum arsenate also killed = more 
quickly in tests against R. fausta than 
lead arsenate. Using speed of toxicity 


as the basis of comparison, R. fausta ts 
much more susceptible than is the apple 
maggot to these two materials, as has been 
demonstrated with trisodium arsenite and 
trisodium arsenate 

ConcLusions. Tests of trisodium ar 
senite and trisodium arsenate against the 
apple maggot and the cherry fruit flies, 
demonstrated no differences in toxicity 
between the trivalent and pentavalent 
arsenic. The cherry fruit flies were more 
susceptible to poisoning by these arseni 
cals than were the apple maggots 

Among other materials tested nicotine 
Reineckate and Reinecke salt proved the 
most toxic. Their approximately equal 
effects indicated that the toxicity of nico 


compounds, and may have been responsi- 
ble for the ability of the flies to recover 
from individual feedings. 

An important difference between the in- 
dividual feeding tests and the cage tests 
lies in the fact that unpoisoned food was 
provided for the flies fed individuatly, 
whereas insects in the cage tests had ac- 
CESS only to poisoned food. 

Whether this difference in technique 
was responsible for an apparent difference 
in toxicity is not known. 

Calcium arsenate was more rapid in its 
toxic action than lead arsenate against 
both R. pomonella and R. fausta. 

Lead arsenate is generally recommended 
for the control of these insects. [t is inter- 
esting to note that in the laboratory it 
takes 7 days with R. pomonella and + days 
with R. fausta to obtain 50 per cent mor- 
tality of flies confined on poisoned fruit. 
It is logical to assume that in the field it 
must take at least this long or longer to 
kill half of the poisoned flies. When this 
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is realized, the necessity of proper timing 
of sprays is apparent. This slow action of 
the materials may be related to the ability 
of the flies to regurgitate toxic substances 
after a normally lethal dose has been in- 
gested. 

Summary.—Methods of obtaining pu- 
pae, and of rearing and feeding the adults 
of Rhagoletis pomonella (Walsh), Rhagoletis 
fausta (QO. S.) and Rhagoletis cingulata 

Loew.) are described. The median lethal 
doses of trisodium arsenite and trisodium 
arsenate were calculated for these species 
by a technique whereby the individual 
flies were fed on solutions, dosage being 
determined by weight differences. No dif- 
ferences in the toxicities of trivalent and 
pentavalent arsenic were noted. The me- 
dian lethal dose of trisodium arsenate and 
trisodium arsenate for the apple maggot 
was .10 and .09 milligram metallic As per 
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pared to .08 and .07 mg./gm. for R. eingu- 
lata. The M. L. D. of trisodium arsenate 
for R. fausta was .07 mg. As/gm. The most 
toxic substance tested, Reinecke salt, gave 
a median lethal dose of .0079 mg./gm, 
Compounds of nicotine, although deeid- 
edly toxic in cage tests, were generally too 
repellent or too emetic in individual tests 
to be effective. Nicotine alkaloid was re- 
pellent at the lowest concentration used, 
0156 mg. ml. No correlation between sol- 
ubility of the nicotine compounds and 
repelleney could be noted. 

In laboratory cage tests, calcium arse- 
nate always killed more quickly than lead 
arsenate, and again the cherry fruit flies 
were more susceptible to the arsenicals 
than was the appl magyvot. Seven days 
were necessary to obtain 50 per cent mor- 
tality of apple maggots caged with no 
other food than apples sprayed with lead 


gram of body weight respectively as com- — arsenate in 20 per cent sucrose. 5-13-41, 
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Characteristics of Different Types of Nicotine Sprays 


T. Nicotine Residues 


L. B. Norte and ©. B. Brrumnes, Ne ) 

Following laboratory studies on the 
toxicity of various nicotine compounds 
and oils and on the amount and perma- 
nence of their deposits on glass, the pres- 
ent experiment was designed to extend the 
tests on representative types of these ma- 
terials to field conditions. The present pa- 
per deals only with the nicotine residues, 
and the insect control data are given in 
the next paper of this series. From the 
standpoint of residues the following in- 
formation was desired: (1) the rapidity of 
the loss of nicotine during drying of the 
spray; (2) a comparison of the deposits 
from soluble nicotines and oil with those 
from “fixed” nicotines; (3) a comparison 
of the deposits from different types of 
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soluble and of fixed nieotines: (4) a com- 
parison of the deposit s of soluble nicotines 
with mineral and with vegetable oils; (5 
the effect of weather conditions upon the 
different types of deposit. A number of the 
combinations differed widely from those 
used in accepted commercial spray sched- 
ules, since they were chosen to represent 
a variety of chemical, physical, and toxi- 
cological properties rather than a group of 
practical spray mixtures. 
EXPERIMENTAL Desicn.—-The experi 
ment was carried out in a rectangular block 
of about 180 twenty-five-vear-old Rhode 
Island Greening trees located near Inter- 
laken, New York. Ninety-six trees from 
this block were selec ted at blossom time 
for probable vield, age, size, and general 


condition. These were divided into an 
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east, a central, and a west block, and the 
eight treatments assigned to four-tree 
g 


plots in each block so that each treatment 
was applied to a total of twelve trees ar- 
ranged in triplicated four-tree plots. . 

Spray ScuepuLe.-—Prior to the experi- 
mental sprays, the orchard had received a 
delaved dormant spray of oil and nicotine 
sulfate, and a pink, calyx, and first cover 
spray of lead arsenate and lime-sulfur. 
Three cover sprays of the experimental 
materials were then applied on June 26, 
July 8, and July 19 for the first brood, and 
a fourth on August 8-9 for the second 
brood. The mixtures used in these four 
sprays are given in table 1. 


Table 1.—Spray mixtures. 





Plot No. 1 Petroleum oil 2 quarts, nicotine sulfate 
l pint per 100 gal 

Plot No 2 Petroleum oil 2 quarts, nicotine oleate 
1.1 pint per 100 gal 

Plot No. 3 Rape seed oil 2 quarts, micotine oleate 
1.1 pint per 100 gal 

Plot No. 4 Rapeseed oil 2 quarts, nicotine sulfat 
1 pint per 100 gal 

Plot No. 5 Rape seed oi! 2 quarts, nicotine peat t 
pounds per 100 gal 

Plot No. 6 Blown rape seed oil | pint, micotine peat 
t pounds per 100 gal 

otine pectate 5 pints per 100 gal 

1 Leaf 155 Concentrati } pounds pe r 

100 gal 


Ho 


Plot No.7 N 
Plot N ; 


o. 8 £& 





All the quantities of oil given refer to 
the actual oil, not the emulsion. All of the 
oils in | lots 1 to 5 were emulsified at the 
heginning of the season with sodium oley| 
sulfate and bentonite into a stock emul 
sion containing 80 per cent oil. The blown 
rapeseed oil, however, was added to the 
spray tank without previous emulsifica- 
tion. The amounts of nicotine compounds 
were chosen to give approximately the 
same amount (0.05 per cent) of actual 
nicotine in each spray mixture 

The sources of the materials were as fol- 
lows: 

Petrol um oil, Shell Oi! Co., hight me 
dium horticultural spray oil; viscosity 60 
sec. Saybolt at 100°F.; unsulfonated resi- 
due 92 per cent. 

Rapeseed oil. Welch, Holme, and Clark 
Co., New York City. 

Blown Rapeseed oil. Werner G. Smith 
Co., Cleveland, Ohio. 

Nicotine Oleate. Prepared by adding an 
equivalent amount of 95 per cent nicotine 
to commercial oleic acid. 35 per cent nico 
tine. 
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Nicotine Sulfate. Black Leaf 40. Tobacco 
By-products and Chemical Corp., Louis- 
ville, Kentucky. 40 per cent nicotine. 

Nicotine Bentonite. Black Leaf 155 Con- 
centrate. Tobacco By-products and Chem- 
ical Corp. 15 per cent nicotine. 

Nicotine Pectate. Prepared by adding an 
approximately equivalent amount of 95 
per cent nicotine to a water suspension of 
pectic acid prepared by the California 
Fruit Growers Exchange, Ontario, Cali- 
fornia. 15 per cent nicotine. Yields a 
gelatinous type of deposit. 

Nicotine Peat. Prepared by L. N. Mark- 
wood of the Division of Insecticide Inves- 
tigations, Bureau of Entomology and 
Plant Quarantine, U. S. Department of 
Agriculture. 10 per cent nicotine. 

SampuinGc. The size of the sample 
varied from twenty-five apples early in 
the season to eight apples at the end. Each 
sample was taken from a single tree, care 
heing taken to get as representative a 
sample as possible, since Fahey & Rusk 
1939) have shown that the variations in 
spray residues tend to be much greater in 
different parts of the same tree than be- 
tween different trees given the same treat- 
ment. Three-fifths of the apples in each 
sample were taken from the lower part of 
the tree which could be reached from the 
ground and two-fifths from the upper 
branches, this being the approximate dis- 
tribution of the crop as a whole. Each 
sample included apples from all sides of 
the tree and from different heights, the in- 
dividual fruits being chosen at random. 
The sizes of the fruits were also random, 
although abnormally large or small apples 
were omitted. 

Duplicate samples from different trees 
were taken for the first two or three deter- 
minations after each spray, when the resi- 
dues were largest and most variable, and 
single samples for the rest of the determi- 
nations. The duplicate samples were al- 
ways taken by two different people and 
the single samples usually taken alter- 
nately by the two, in order to minimize 
any personal differences in sampling tech- 
nique. Successive samples were taken 
from different trees in different blocks, so 
that the final series of analyses included 
samples from every tree sprayed. 

The first sample from each plot was 
taken within two or three minutes after 
the individual tree was sprayed, since it 
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was found in the laboratory that the pe- 
riod of drying was the period of most rapid 
loss of nicotine. The second was taken as 
soon as the spray had completely dried, 
giving an interval of two to five hours, de- 
pending upon the weather and the time of 
day. The next sample was usually taken 
the following day, and subsequent sam 
ples after gradually lengthening periods as 
the amount of residue and the rate of its 
disappearance became smaller. 
RemovaL or Resipue.—It 
sary to strip the residues from the apples 
in the field as soon as the sample was col- 


Was neces 


lected in order to avoid serious loss of nic 
otine during transportation, particularly 
from those samples taken soon after 
spraying. The equipment for this purpose 
was set up in a small enclosed truck. The 
apparatus included a torsion balance for 
weighing the samples, large wide-mouth 
bottles with plastic screw caps for shaking 
the apples with the stripping solution, a 
supply of 0.5 per cent sodium hydroxide 
and a 100 ce. pipet for its measurement, 
pint fruit jars for transportation of the 
samples in solution, a 2-liter graduated 
evlinder and a metal can with a side-arm 
for measuring the volume of the samples 
by water displacement, and a supply of 
distilled water for washing the apparatus 
hetween samples 

The residues were stripped from the 
apples by a procedure similar to that of 
Markwood (1939). The sample was col- 
lected in the large bottle, which Was capped 
as soon as the sample was complete in or 
der to avoid any nicotine. The 
bottle and sample were weighed, and the 
previously determined weight of the bot- 
tle deducted. One hundred ec. of the 0.5 
per cent sodium hydroxide was added, 
and the sample shaken with the alkali for 
The solution was drained 


loss of 


three minutes. 
from the apples as completely as possible 
without rinsing into a fruit jar, which was 
immediately sealed for transportation to 
the laboratory. The stripping was com 
pleted about five minutes after collection 
of the sample. The volume of the apples 
was then measured by filling the side-arm 
can to the point of overflowing, dropping 
in the whole sample of apples, holding 
them under the surface of the water with 
a dise of wire screening, and collecting 
and measuring the volume of displaced 
water in the large graduated evlinder. 
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NIcoTINE DeTreERMINATION.— The nico- 
tine in the residue was determined by the 
colorimetric method of Markwood with 
slight modifications. A 75 ce. sample was 
pipetted out of the stripping solution into 
a 100 cc. volumetric flask and clarified 
with bentonite and calcium acetate, using 
twice the amounts of these reagents speci- 
fied by Markwood. In those samples con- 
taining a large amount of nicotine it was 
necessary to decrease the aliquot to 25 ee. 
and add 50 ce. of 0.5 per cent sodium hy- 
droxide. A 75 ce. portion of this clarified 
and filtered solution was neutralized with 
acetic acid and diluted to 100 ce. The color 
was developed in 10 ce. of this solution 
with 2 ce. of cvanogen bromide and 10 ee. 
of alcoholic 3-naphthylamine. The depth 
of color was determined in an Evelyn type 
photoelectric colorimeter with a (orning 

i) light filter. It found that the 
blank was quite variable because of the 
fact that it was not possible to remove 
with the bentonite all of the coloring ma- 
terials taken from the apples, particularly 
early in the season. Accordingly, a blank 
determination for each sample was run 
along with each analysis. The blank was 
run in exactly the same way as the deter- 
mination with the substitution of 2 ce. of 
distilled water for the evanogen bromide. 
\ correction was then made for the blank. 

CancuLations.. In view of the varia- 
bility of the blank, a graphical estimation 
of the amount of nicotine from the col- 
orimeter reading would require a separate 
The concentration 
of micotine, with the 
logarithm of the colorimeter reading, so 
that an equation can he derived for the 
family of curves with varving blanks. The 
equation used for the calculations with the 
particular conditions and = apparatus of 


Was 


curve for each blank 


however, varies 


these experiments was as follows 


C = 0.0268 log (Blank Reading 
where C represents the milligrams of nico- 
tine per cc. of the unknown solution, and 
Blank and Reading represent the colorim- 
eter readings for the unknown solution 
with water and with evanogen bromide 
respectively. The total amount of nicotine 
in the original apple sample was then 
178 C mg. where a 75 ce. aliquot was taken 
and 533 C mg. for a2 
The total surface area of each sample, 


C 
5 ee. aliquot 
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assuming the apples to be perfect spheres, 
was calculated from the total volume by 
the formula 


\ $84 \ N 


where A is the total area in square centi 
meters, V the total volume in cubic centi 
meters, and N the number of apples 

The nicotine residues were then cal 
culated on the basis of three different 
measures of the sample: number of fruits, 
weight of fruit, and surface area 
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Errors. The greatest source of error 
lies in the sampling, and not in the analy- 
sis. The difference between duplicates was 
in most cases far greater than the analyti- 
cal error. In those cases where an analysis 
appeared distinctly out of line, investiga- 
tion usually showed that the sample was 
of a different size from the others of the 
same group, either because of a difference 
in the crop on the individual tree or be- 
cause of personal differences in sampling. 
It was felt, however, that random sam- 
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ples from the whole crop would be of much 
greater value than more concordant re- 
sults of limited scope. 

Resuuts.—_-The complete residue data 
for all of the treatments throughout the 
summer are plotted in figures 1 through 8 
The different methods of expressing the 
residue load show characteristic differ 
ences. The amounts of deposit per fruit 
left by successive sprays in most cases rise 
steadily as the fruits grow larger. The de 
posit per unit of weight declines with sue 
cessive sprays since the weight increases 
with growth faster than the area available 
for residue. The deposit per unit of sur- 
face area is somewhat variable, but usu 
ally remains roughly the same for the sue 
cessive sprays throughout the season. 

Each of the methods of expressing the 
residue is useful in showing a different 
property of the material. The per fruit 
basis eliminates the growth factor and 
therefore shows that nicotine ts actually 
lost between sprays and is not merely 
spread thinner by growth of the fruit. The 
per weight basis allows comparison with 
other residue data, the majority of which 
are expressed in this way. The per area 
basis represents most closely the concen 
tration of residue with which the insect 
will come in contact on the fruit, and ts 
therefore probably the best measure of ef 
fectiveness. 

All of the curves, regardless of the par 
ticular material, show the same general 
form. As in the laboratory experiments, 
by far the most rapid loss of nicotine oc 
curs during drying. The rate changes sud- 
denly at the point of dryness, following 
which it decreases steadily. It is interest- 
ing to note that even the least permanent 
of the materials still show a measurable 
nicotine residue after several weeks 

Fixed rs Soluble Vicotines The most 
outstanding differences in the residue 
curves occur between the fixed nicotines 
and the soluble forms 
curves 1, 2, 3, 4, 7). Although the most 
rapid loss from the fixed nicotine occurs 
during drying, a relatively small propor- 
tion of the total residue is lost at that 
time. From the soluble nicotines, on the 
other hand, from one-half to three-quar 
ters of the whole load is lost during the 
short period of drying. Previous residue 
data have indicated that the residue from 
the soluble nicotines was always far less 


curves 5, 6, 8 
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than that from the fixed forms, since the 
residue samples for analysis were taken 
only after drying. The present data show 
that the initial load is not far different for 
the two types of material, but that the life 
of most of the soluble material is extremely 
short. The differences between the two 
tvpes of materials are apparently much 
sharper than previously assumed; in the 
one, there is little contact action, but a 
considerable load of nicotine available as 
a stomach poison over a period of weeks; 
while in the other, an approximately equal 
amount of nicotine in a form very active 
as a contact poison is highly effective over 
a period not exceeding about five hours, 
and has dropped toa practically negligible 
amount in two or three days 

Mineral rs, lege table Oil. \ compari- 
son of curves 1 and 2 with 4 and 3 respec- 
tively shows that there is no appreciable 
difference between yp troleum oil and rape- 
seed oil in ability to hold either nicotine 
sulfate or oleate on the fruit. Both the 
original amounts of nicotine deposited and 
the rates of loss are practically identical 
for the two oils with either nicotine com- 
pound, 

Variations in Soluble ( om pounds, 
Two different properties of the compound 
apparently affect the residues from. the 
soluble compounds. The wetting proper- 
ties, causing different spraving character- 
istics and different amounts of run-off, 
affect the original deposit The nicotine 
sulfate (Figs. 1 and 4) having no special 
wetting abilitv, shows the highest initial 
The oleate (Figs. 2,3 
both having 
marked wetting ability, show considera- 
bly smaller initial deposits. An additional 
difference between the pectate and the 
others is the lack of oil and emulsifier. The 
second factor affecting the residues is the 
stability of the nicotine compound, whieh 
influences the retention of the residue. It 
can be seen that nicotine sulfate, the salt 
of the acid and therefore the 
most stable, is_ lost considerably more 
slowly and shows a definitely higher final 
residue than the other two, between which 
there is little difference 

lariations in “= red \ rcotines \l| of 
the fixed nicotines show the same general 
Each of them shows a loss 


residue throughout 


and the pectate (Fig. 7 


strongest 


characteristics. 
during drying which is more rapid than at 
any other period, but which is much less in 
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extent than that of the soluble nicotines. 
The subsequent losses are quite slow, the 
residues even after two or more weeks be- 
ing greater than those from the soluble 
nicotines after a very few days. The two 
quarts of rapeseed oil fave both a higher 
and a more adherent deposit of nicotine 
peat than the one pint of blown rapeseed 
oil. The Black Leaf 155 Concentrate gave 
both an original deposit and a permanence 
almost identical with that of the nicotine 
peat and rapeseed oil, the superior stick 
ing qualities of the bentonite apparently 
being closely balanced by the additional 
sticking properties given the peat by the 
oil. The Black Leaf 155 Concentrate shows 
a somewhat greater loss during drying 
than either nicotine peat treatment, pos- 
sibly because the material is designed to 
release a small amount of nicotine as a 
contact agent 

Weathering. The rainfall between the 
first and second sprays was much greater 
than at any other time. It will be seen that 
all of the fixed nicotines were lost much 
more rapidly during this period than dur- 
ing any of the others. The nicotine pec- 
tate also shows a somewhat greater loss. 
There is no outstanding difference in the 
oil-nicotines during the different periods, 
indicating that the rainfall may tend to 
affect the fixed nicotines more strongly 
than it does the oil-nicotines. Assuming no 
rain immediately after the spray, the ef- 
fect on the control would be less in any 
case, since the effectiveness of the fixed 
forms depends on the maintenance of a 
deposit fora long period, while the soluble 
nicotines depend upon a quicke r ¢ thee t for 
a short period 

Summary. Detailed residue data were 
taken throughout the summer on eight ex 


NortTON & BILLINGS: 


NICOTINE RESIDUES 635 


perimental nicotine sprays in the field. 

The residues were stripped from the ap- 
ples in the field, eliminating nicotine loss 
during transportation and making possi- 
ble the taking of samples immediately 
after spraying. 

On the basis of the results, the following 
conclusions were reached : 

The most rapid loss of nicotine normally 
occurs during drying of the spray. 

The amounts of nicotine originally de- 
posited by soluble nicotine and oil com- 
binations are nearly as high as those by 
“fixed”’ nicotines. 

The fixed nicotines lose only a small 
proportion of the original deposit during 
drying, while the soluble nicotines may 
lose more than 75 per cent during this pe- 
riod. 

Nicotine oleate and nicotine pectate 
yield a lower deposit at the same concen- 
tration than nicotine sulfate, probably be- 
cause of run-off due to superior wetting 
properties. 

Nicotine oleate and nicotine pectate are 
lost from the fruit more rapidly and more 
completely than nicotine sulfate, prob- 
ably because of lower chemical stability. 

Nicotine peat with rapeseed oil and 
nicotine bentonite without oil give about 
the same deposit and residue, while the 
nicotine peat with one pint of blown rape- 
seed oil gives less, under the experimental 
conditions. 

Mineral oil and rapeseed oil show no 
apparent differences in either amount or 
permanence of deposit with nicotine sul- 
fate or with nicotine oleate. 

The oil-nicotines are less strongly af- 
fected by rain than the fixed nicotines. 
3-29-41. 
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(‘haracteristics of Different ‘Types of Nicotine Sprays 


Il. Codling Moth Control 


Roy Hansperry, Corne 


In evaluating representative types of 
nicotine sprays for field control of codling 
moth it was intended to design an experi- 
ment that would answer the following 
questions, and at the same time, permit 
the residue studies described in the pre 
vious paper of this series. 

1. Woulda typical vegetable oil be suit 
able for use in place of a petroleum 
oil? 

What are the relationships in control 
between a soluble nicotine and oil, a 
fixed nicotine and oil, and a fixed nic 
otine without ol? 
3. What is the value of an ovieide? 
+t. What is the value of immediate con 
tact action as compared to the main- 
tenance of a deposit of little contact 
value? 

The orchard was the same rectangular 
block of 25-vear-old Rhode Island Green- 
ing trees deseribed in the section on nico 
tine residues. The fruit was reported to 
have been 65 per cent insect-injured in 
1939. A delayed dormant spray of oil-nie 
otine sulfate followed by a_ pink, 
calyx and first cover spray of lead arsenate 
and lime sulfur. 

The experimental design was the same 
triplicated four-tree plot design for the 
eight treatments as deseribed in the previ 
OUsS paper of this series. It will be sect 
from table 1 that comparisons between 
some plots were more important than 
others, so that one of the restrictions in as- 
signment of treatments to plots was that 
plot 1 should always be adjacent to plot 
2. plot 2 to plot $. ete Other restrictions 
provided that no plot should appear in 
each block more than once, or should be int 
either the north, south or central part of 
the block more than once. 

Beginning July 10, counts were made 
every ten days, when the following data 
were taken: (1) an estimate of infestation 
on the tree by counting 300 apples from 
each four-tree plot, 180 of these being se 
lected at random from parts of the trees, 
readily reached from the ground, 120 in 
the tops of the trees. These were examined 
for entrances only and left in place. Thus 


w 


Was 


successive counts might include the same 


“ty 


silty, Itha l, Vi ) ” 


fruit as was previously included in counts, 
2).a complete count of all dropped fruits, 
scored as to wormy or clean fruit, oi. 
notes on injury to fruit and foliage. At 
harvest complete counts of all fruits, on 
the tree or dropped, were made, the picked 
fruit being scored for worms, stings and 
for injury from either the eve-spotted bud 


moth, S pilonota ocellana (D. & S.), or the 
red-banded leaf roller, Irgyrotaenia velu- 
tiana (Walk.). These latter two insects 


were both present in sufficient numbers to 
cause some damage, and since their re- 
spective Injuries were not always distin- 
guishable, the fruit without 
reference to which imsect caused the in- 
jury. 

The spray schedule has been described 
in the previous paper of the series. 

Resuuts. The data on picked or tree- 
sampled fruit in regard to insect injury 
are presented in table 1. In order to sim- 
plify the table, and because several com- 
plicating factors is noted helow disturbed 
the estimation of infestation in dropped 
fruit, they are not included in table 1. 

By picking up all dropped fruit it is 
possible to obtain total infestation figures 
based on all fruit which set after July 1. 
These data are presented in table 2 
represent only codling moth entries 

Disc USSION. With the method of mak- 
ing pre-harvest estimates of infestation, it 
Is possible to trace the deve lopment of the 
infestation throughout the season. There 
were three periods of attack: during the 
first two weeks of July, again during the 
middle of August, and finally sometime 
hetween the 5th and 28th of September. 
The lull between the first two periods of 
attack was probably due to early injuries 
up as stings 
when reexamined later. The actual lower- 
ing of infestation around the first of Sep- 
tember was the result of first brood wormy 
apples dropping. A large 
wormy dropped fruit was noted at this 
time. The three periods of attack may 
represent three broods of codling moth, or 
be due toa split first or second brood. It is 
estimated that more than half of the in- 
harvest 


was scored 


and 


scored as entries showing 


increase In 


juries scored as worms at con- 
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Table 1.—Per cent injured fruit.' 
HARVEST 
Cop (9/28-10/38) Bubp 
Dares or Pre-Harvest Estimates LING CoDLING Morn 
Spra Moru Morn LEAP 
SCHEDULE 7 | 7/11 1/22 8/1 Ss 10 8/22 95 Worm) STINGS RoLLEeR 
Petroleum oil 
nicotine sulfate Os 0.7 0.38 6 1.4 1.1 0.9 5.0 15.0 5.0 
Petroleum oil 
nicotine oleate Le | ot 1.1 0.2 2.7 1.9 - = 7.4 11.4 $.1 
Rapeseed oil 
nicotine oleate ol 0.5 0.6 7 a is 3s 10.1 14.6 2.9 
Rapeseed 01 
nicotine sulfate | : ) 0.6 Ir 6 1.9 1.6 0.9 9.5 1.7 
Rape seed oil 
nicotine peal 1.0 [9 b.d [.9 1.€ 1.7 ..1% t.6 10.2 2.” 
Blown rape seod 
nicotine peal 1.0 si 7 a 3 , 7 S 0 Is] 13 
; Nicotine pectat 
ot ) t | Ss 11.1 >.79 8.0 17.3 1.0 
) 
Black I 
( a“ » ‘) ] 4 ; Ss 2 0 * 9.9 .o 
Least significant mean difference ho 1.6 2.1 0s 
Least swnifeant mean difference oy 2.0 2.8 1.1 
{ 
ane i leat Vii l« ss than Iwo wee ks old \\ ith this ex ylanation, the following ob- 
t 2 = 
Differences in Insect control in this ex servations are noted with reference to the 
periment are not large. The figures are aims of the experiment as stated in the in- 
based on a single season's observations. troductory paragraph. (1) Rapeseed oil 
The work is published at the present time — was slightly inferior to petroleum oil for 
primarily as a concomitant to the residue control of codling moth, significantly so 


observations. Any conclusions drawn as to when used with nicotine oleate. The abil- 
the differences in codling moth control of — ity of the two oils to deposit and hold nico- 








. the various schedules, even though they — tine was reported in the previous paper in 
have been shown to be statistically sig this series to be about equal. They were 
nificant, are, therefore, tentative not found in preliminary laboratory stud- 

Table 2.—Total infestation and drop of fruit set July 1. 

t - 

No. Fi Si Worn) (LEAN Worm) CLEAN Foran 

( Seu J | Droprs Droprep PicKED PICKED Wormy 

x 

e Petroleun 

e micotine sulfat 2.dSeded 1.1% 1.4% ) 27 SO 3Y 6 3% 
Petroleun | 

a nicotine oleats Ob .s 8.5 7.5 82.1 9.5 

r. Rapeseed | 

if nicotine oleate S06] ; io. ~ x 9 79.7 1.7 

* Rapeseed i 

nicotine sulfate 09066 7.8 >.1 82.9 72 

a4 > 

’ Rape seed 

T- nicotine peat STIS] 1 oo SO 9 S61 58 

)- Blown rape seal 

nicotine peat 538 4) 7.4 6.2 83.2 0.1 

\ . 

P Nicotine pect 

n S| { 6.9 11.6 76.8 16.5 

Is Black 1 

V ( 20542 7.9 $3 86.1 6.0 

rv 

. M. hull 

Is | lee ist e mak | t the drop before " est time was 

i- jae] t t rt C ees " reed he t the g ind iit was t unusual that 150 ipples 
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ies to differ greatly in their ovicidal effect. 
2) Under the conditions of this experi- 
ment, no significant differences existed be- 
tween control in schedules 1, 5 and 8 con- 
taining a soluble nicotine and oil, a fixed 
nicotine and oil and a fixed nicotine with- 
out oil. It must be recognized that two 
different oils and two different fixed nico- 
tines were used in these tests. It is not sur 
prising that the Black Leaf 155 and the 
nicotine peat-rapeseed oil schedules gave 
similar codling moth control, since their 
deposits of nicotine were quite compara- 
ble. It is interesting to note that the 
petroleum oil-nicotine sulfate schedule 
was equally good, although leaving a very 
low residue of nicotine compared to the 
fixed nicotine schedules. This SCCTIIS good 
evidence that the mode of action of solu 
ble nicotine-oil is different from 
that of fixed nicotine sprays. (3) Sehed 
ules 5 and 6 were designed to demonstrate 
the difference in control with a schedule 
containing two quarts of rapeseed oil 
which laboratory tests had shown gave a 
good egg kill, and a schedule containing 
one pint of blown rapeseed oil which labo 
ratory tests demonstrated to have negligi 
ble ovicidal action. The results of residue 
analy sis showed, however, that differences 
in nicotine residues between the two 
schedules were almost proportional to the 
difference in codling moth control. (4 
Nicotine oleate was used in the experi 
basis of laboratory experi 


sprays 


ment on the 
ments on .fphis rumicis which showed it 
to have a potent contact action. It ap 
peared less effective than nicotine sulfate, 
but here again, it was shown to leave a 
lower residue of nicotine than the sulfate, 
so that differences in type of action have 
bye cn obscured by differen cs in cle posit. 

Nicotine pectate did not give good con 
trol, but Black Leaf 15 
surprisingly good control used as it was 
without oils or other suppleme nts. Here 
again the control is relative to the ce 
posit of the two materials 

It should be noted that control of cod 


> Concentrate gave 
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ling moth is closely related to nicotine res- 
idues WwW hen either the fixed or soluble nico- 
tines with oil are considered as a group. 
The control between the two groups of 
soluble nicotine with oil and fixed nieo- 
tines is not greatly different, but the rates 
of loss of the deposits differ markedly, 
again indicating the difference in manner 
of action of the two groups. 

Puant INgury apprehension 
was felt over the use of petroleum oil in 
the second cover spray within ten days 
after the first cover spray which contained 
lime sulfur. One reason that the schedule 
was planned that way was to see if differ- 
ences in injury would appear between the 
petroleum and rapeseed oil schedules. 
Sulfur determinations made just before 
the second spray applied, 
showed sulfur to be present on the foliage 


Some 


cover Was 
at the rate of 11.7 micrograms per square 
centimeter, il moderate cle posit No injury 
occurred that could bye attributed to the 
oil-sulfur complex on any of the trees. 
There was a little lime-sulfur spotting on 
the exposed sides of the fruit, but this was 
pres¢ nt equally on all trees whether they 
After the third cover 
spray which was apphed on July 8 10 on 
still hot days noticeable vellowing oc- 
curred on trees spraved with rapeseed oil 
in areas where trees received the heaviest 
application of oil. After the first of August a 
slight roughening of the skin of the fruit 
around the calyx end appeared on these 
rapeseed oil spraved trees This yp rsisted 


received oil or not 


to harvest where it appeared as a russet 
ting. No other injury of any kind was ap- 
parent on any trees 

The oil-nicotine peat residues were un 
sightly, and persisted until harvest as a 
dirty black deposit Wh re large drops of 
oil-peat had collected there 
skin under the drop 
wiping difficult 


was often a 
roughening of the 
which made removal by 

Although no fungieide 
the first cover spray, the 
most entirely free from seab at harvest 
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Til. Ou De posit and the Control of Fruit Tree Leafroller and 


Other A 


In earher papers of this secTries Pearce, 
etal. 1941; Chapman et al. 1941) the writers 
have deseribed a method of determining 
the quantity of oil deposited on apple bark 
in spraying and have considered the more 
important factors affecting deposition. We 
present in this article data showing the re- 
lation of these deposits to insect control. 
The fruit tree leafroller, Cacoecia arqyro- 
spila Walker, was the principal insect 
utilized although some data were ob 
tained on the apple red bug, Lygidea men 
dax Reut. and the rosy apple aphid, .tnu 
raphis roseus Baker. These experiments 
were conducted under field conditions us- 
ing mature apple trees. Test materials 
were applied with = standard orchard 
spraying equipment and except as indi- 
cated, all spraving was done in the spring 
while the trees were still dormant. 

Tecuntques.--The results given for 
fruit tree leafroller control are based on 
the record of hatch in a series of egg masses 
that had been located and marked on the 
trees prior to treatment. Marking was 
found necessary since after treatment 
with oil the masses may be very difficult 
to re-locate, especially after the leaves ap 
pear. The marking material used was 
white adhesive tape. A short strip of tape 
was wrapped around the twig an inch or 
two distant from the mass and proximally 
on the limb in relation to it. Adhesive tape 
was selected as the marking substanes 
principally because of its persistence to 
wind, rain and spray. Some markers have 
remained in place three vears after having 
heen affixed. Tape has also seemed to have 
an advantage over paper tags or cloth 
strips in that there is no unattached por 
tion to blow about in the wind with the 


consequent danger of losing the marker or 


of having it rubbing or striking the egg 
clusters. 

Marking was done in the spring, usually 
just before or concurrently with the appli 
cation of treatments. Aside from consid 
erations of the weather this work can best 
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be done in the spring because the egg 
masses have then become bleached to a 
light bluish gray and are in distinct con- 
trast to the bark. In the fall and through- 
out most of the winter the masses are dark 
brown and are not readily visible. The 
number of masses marked per tree varied 
with the intensity of infestation but ranged 
between 50 and 150. In 1939 approximate- 
ly 3,000 egg masses were marked in experi- 
mental blocks, whereas in 1940 the 
number exceeded 18,000. 

Usually, eggs were not marked higher in 
the tree than could be reached from a 6- 
foot stepladder. How well the total num- 
ber of egg masses of a tree were repre- 
sented by those marked was determined 
by the height and growth habits of the 
trees and by the peculiarities of egg mass 
distribution for the trees in question. In 
some orchards, as pointed out by Chap- 
man & Dean (1936), a high percentage of 
the total masses may be found in the lower 
half of the tree. However, they may be 
rather uniformly distributed over the 
tree in other plantings or even concentrated 
in the upper half. 

The marked egg masses were not re- 
moved from the tree until hatching was 
complete on control trees. Each mass was 
then examined under a binocular micro- 
scope and a record taken of the number of 
eggs hatched. The masses have been clas- 
sified under five categories to show how 
hatching took place. This seems to provide 
a clearer basis for evaluating the per- 
formance of the treatment than can be 
gained from data based solely on the av- 
erage number of eggs hatched per cluster. 
Since these are field experiments some 
masses show hatch simply because they 
were missed by the spray. Where incom- 
plete efficiency is shown an examination 
of the breakdown of the hatch will fre- 
quently show whether this is due to the in- 
herent inadequacy of the treatment or is 
the result of imperfect spray coverage. For 
example, in series where almost all of the 
masses show no hatch and only 2 or 3 
show complete hatch, it seems logical to 
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conclude that the latter were simply 
missed by spray. The general color of the 
mass may also provide useful evidence in 
such instances. Masses sprayed with oil 
normally turn brown and contrast sharp 


ly in appearance with untreated eggs 
Fig. 1 


We have considered the individual egy 
mass and not the tree as the basic experi- 





bi ] Showing the appearance ind amount of 
hatching taking place in leafroller egg masses tre ated 


with lethal and sub-lethal dosages of oil. | ntreated 


masses are shown in the fifth and bottom rows, 
larval exit holes occurring in the former instance 
and those produced by T. torticis in the latter. In 


the second and fourth masses of the bottom row both 


host and parasite emergence occurred Enlarged 


mental unit in these tests. Under this 
concept, the tree serves the primary pur- 
pose of providing a support for the test 
units and of randomizing their distribu- 
tion as targets to the spraying operation. 
Thus the number of masses involved and 
not the number of trees would seem to be 
the most relevant consideration. Single 
tree plats, some of which were dupli 
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cated, have been employed. The experi 
mental was divided in parts 
where a duplicate plat arrangement was 
used, one tree being located by controlled 
randomization in block. Approxi- 
mately 10 per cent of the trees were re- 
served as controls, and were dis- 
tributed singly through the block. 

The results obtained on the apple red 
bug are based principally on counts of in- 
jured terminals. After hatching, — the 
nymphs migrate to the terminal growth to 
feed, producing a characteristic puncture- 
pattern in the new leaves. This injury is 
readily and identified. ‘Terminal 
counts can be started two or three weeks 
after the blossom period and may be con- 
tinued almost until frost. These counts 
provide an estimation of the total insect 
population of the tree To compensate for 
population variations between trees, sin- 


area two 


each 


these 


SCCTI 


gle tree plats were used and these were re- 
plicated four times, on the average. 

Spray-drift complications were almost 
entirely avoided either through the design 
of the experimental block or through the 
“spray screen” or through both 
devices. This screen consisted of a 20 by 
20 foot piece of drill cloth which in use 
Was suspended between two 4 by } inch 
wooden spars. The ensemble was mounted 
on a specially designed four-wheeled car- 
riage thus enabling the spraymen to move 
the sereen from plat to plat 

Resuttson Learrouiter. That petro- 
leum oils are toxie to the eggs of the fruit 
tree leafroller is well known. However, 
earlier investigations have provided only 


use of a 


a general idea of the dosage of oil needed 
to give control, particularly of the mini- 
mum effective dosage. In an effort to ob 
tain precise information on these ques- 
tions the writers have first considered the 
effects of the emulsifying agent on the 
spray mixture in terms of oil deposition 
and of wetting and spreading. Another 
vital element in considerations of dosage 
is the variation in effectiveness exhibited 
by oils of different composition. In gen- 
eral, this latter subject is outside the scope 
of the present paper, but it is a factor 
which the reader should keep in mind when 
interpreting the data presented. Except- 
ing the commercially prepared oil spray 
stocks tested, three types of oil were used. 
These are designated as Oil A, Oil B and 
Oil C; the specifications on Oil A are given 
in an earlier paper (Chapman ef al, 1941). 
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Table 1.—Relation of oil concentration to oil deposit, fruit tree leafroller control and tree injury— 


oil and emulsifier being constant. 1940. 








PercentacGe Masses SHOWING 





Ou Rup NUMBER Ave Me. Ou 
Sain Geans he No. | s DerpositEep l ll 36 Com REACTION 
ae Wen M Asses Hatcuep Per Cr Pek Sq. In No 10 5, 99°) plete or Tree To 
SPRAY SPRAY? ExXaM pek Mass CONTROL ” Bank hatch hatch hatch hatch hatch TrReaTMEN1 
" 07 b4t 22.8 0.35 +.1 6.2 7.2 10.3 79.2 none 
. ' 142 14.8 74.38 0.83 $5.1 16.2 9.8 11.2 17.7 none 
3 22% 2 12 06.38 1.16 82.9 10.3 3.2 oa 2.3 none 
5 j ' 4 0.61 98.04 1.74 94.9 +4 1.3 0.4 sl. retard. 
i ”) 0.60 08. 96 2.20 97.0 1.3 0.4 0.9 0.4 © sl. retard. 
a Juiummoal 53 0.04 09.93 ;. 29 99.2 0.8 slight injury 
m4 105 0.0 09.91 4.00 99.1 0.9 mod. injury 
12 r a7 0.00 oo. oOo 5.24 100.0 severe injury 
4 y ' 7s 0.69 OS SI 1.44 98.2 0.3 1.2 0.3 none 
de dn»? o.24 19.58 1.22 O88 0.4 o.4 0.4 none 
04 sl s+ 
All lots were “tank-mixed,” using Oil A and blood imin, 2 « ces per 100 gallons, as the emulsifying agent 
I oe @% . isitism bb T.. tortr 


In table 1 we give the results obtained 
with a series of emulsions which ranged in 
oil concentration between 1 and 12 per 
cent. The oil, emulsifier and amount of 
emulsifier used were constant. From these 
data the minimum effective oil concentra- 
tion of the dormant applied sprays would 
3 and 4 
per cent. Although there is only 2.61 per 
cent difference in the control effi 
CIENCY between the two concentrations, it 


seem to fall somewhere between 
shown 


will be seen that 17.1 per cent of the egg 
cent oil 


masses receiving 3 per showed 
some degree of hatching. However, the 
amount of oil applied in this case —1.16 


mg.-—must lie close to the minimum effee- 
tive dosage for oils of the type of Oil A. 
Essentially complete control was obtained 
with deposits of 1.44 mg. and 1.22 mg. in 
the green-tip and delayed-dormant ap- 


plied sprays. While these sprays might be 
assumed to be more effective than dor- 
mant applications owing to their nearness 
to the hatching period we have obtained 
no conclusive evidence to support such 
an assumption. The minimum effective 
dosage of Oil A for fruit tree leafroller eggs 
appears to be approximately 1.3 mg. per 
square inch bark surface. 

In the foregoing, the emulsifier and con- 
centration at which it was used were con- 
stant. Furthermore, in the analysis of a 
twig sample for oil the total amount of oil 
present is determined. It does not provide 
a measure of how the oil was distributed 
over the egg mass and bark surface, or, in 
other words, provide a complete index to 
the wetting and spreading properties of 
the emulsion. A question naturally arises 
as to the effects produced by varying the 


Table 2.—Relation of oil deposit to control of the fruit tree leafroller. Oil' concentration and kind 


and amount of emulsifier being variables. 1940. 








N PerceNntTaGe Masses Suowina 
ft \ N Me. On 
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emulsifying agent, of using materials 
which differ radically in their wetting and 
spreading action. Data having a bearing 
on this question are given in table 2. 

The entries in table 2 have been ar- 
ranged in the order of their oil deposition. 
Attention is called to the relation shown 
hetween these total deposits and control. 
These data would appear to corroborate 
the conclusion drawn from table 1 data, 
namely, that 1.3 mg. oil is the approxi- 
mate minimum effective dosage. There is 


KcCONOML 


Vol. .3 


ENTOMOLOGY 1, Now} 
for leafroller control is the quantity of oil 
it will deposit on the tree, assuming of 
course, that the same oil is used in sprays 
compared. In actual use insecticides are 
ordinarily not employed at the minimum 
effective dosage, but at the minimum plus 
a margin to cover the variables incident to 
use. Under such conditions lesser forces 
become submerged by the dominant foree 
or forces operating. 

In the foregoing we 
with home-mixed or 


hav c been con- 


cerned tank-mixed 


Table 3.—Results obtained with commercially prepared oil emulsions and emulsible oils in fruit 
tree leafroller and apple red bug control. 1940. All lots tested at a four per cent actual oil concentration. 
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the further indication that kill ol leaf emulsions. Phe performance of spravs pre- 


roller eggs is related rather directly to the 
quantity of oil deposited regardless of how 
it becomes deposited. In saving this we do 
not wish to imply that the wetting and 
spreading function of the emulsifier, per se, 
is unimportant. We interpret the irregu 
larity shown in the deposit-control re 
lationship where control was incomplete 
the first five entries) to differences in the 
wetting and spreading of the mixture. 
However, there is little evidence of such 
an effect among those lots which fall at or 
near the assumed minimum effective dos- 
age (entries 5 to 8 inclusive). And these in- 
clude such different substances, judged by 
their wetting and spreading properties, as 
blood albumin, sodium lauryl sulfate, bor- 
deaux mixture,and triethanolamine oleate. 

From a practical viewpoint it appears 
that the dominant consideration Involved 
in rating the effectiveness of an oil spray 


pared from 14 commercially prepared con- 
centrated oil emulsions and emulsible oils 
is given in table 3. 

While there is trend 
her ; hetween deposit ariel ¢ ontrol, it Is not 
a high correlation. Neither would 
data substantiate the conclusion that 1.3 
milligrams the minimum effective 
dosage for leafroller. The differences 
shown are attributed to variations (1) in 
the kind and amount of emulsifier used, 
2) the method of processing or mixing the 
stock product, and (3) the tvpe of oil uti- 
lized. Ditferences in the deposit can be ex- 
plained by variables one and two. (See 
Chapman et al. 1941.) An explanation of 


a general shown 


these 


Was 
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the dissimilarity shown between data of 
tables 1 and 2 and that appearing in table 
3 on the deposit-control relationship lies 
chiefly in the fact that in the former in- 
stances the same oil was used throughout 
whereas in table 3 several classes of oil are 
involved. In other words, while 1.3 mg. oil 
may represent the minimum effective dos- 
age of Oil A, greater or lesser dosages may 
he needed for other types of oil. Some indi- 
cations in this direction are shown in the 
data on the paired lots of table 3. We shall 
discuss the behavior of oils of various com- 
positions In future reports. 
Since petroleum oils as commonly em 

ploved are not effective against all of the 
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oil. Unfortunately, it was necessary to use 
data involving two types of oil which dif- 
fer in their toxicity to leafroller eggs. 
While this complicates the evidence, we 
believe the essential facts are clear. 

The difference shown between 1 per 
cent Elgetol and 0.5 per cent Elgetol when 
combined with 3 per cent oil is explained 
on the basis of oil deposit. Elgetol, in addi- 
tion to the toxicant, contains a considera- 
ble quantity of wetting agents. Thus in 
using one gallon of Elgetol with the oil we 
incorporate twice the quantity of wetting 
agents in the mixture as with a half-gal- 
lon. And since some wetting agent is al- 
ready present, in the form of the emulsifier, 


Table 4.—Results obtained with dinitro compounds used alone and combined with oil in fruit 


tree leafroller control. 1938 and 1940. 
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pests for which dormant and semidormant run-off may be caused where as much 


sprays are used, there has been interest in 
combining oil and various toxicants in the 
hope that a universally effective treat- 
ment might be found. Dinitro derivatives 
of certain) phenolic compounds have 
shown promise in this connection. It has 
seemed relevant to a general investigation 
of oils as insecticides to determine what 
effects, if any, were produced by the addi 
tion of these dinitro insecticides. The re 

sults of such tests invols ing the leafroller 
are shown in table 4. These data and oth 
ers not given indicate that dinitro-o evclo 
hexyl-phenol, sodium = dinitro-o-cresylate 
and dinitro-o-cresol at the concentrations 
and in the manner used show little or no 
evidence of toxicity to leafroller eggs, 
either when used alone or combined with 


additional wetting agents are added as 
occurs in a gallon of Elgetol with a conse- 
quent decrease in oil deposit. 

Eggs of the fruit tree leafroller are 
sometimes heavily parasitized by Tricho- 
grammatomyia tortricis Girault. An oppor- 
tunity was afforded in one orchard to 
determine the effects of dormant spray 
treatments on this parasite since 89.4 per 
cent of the leafroller eggs in the block were 
so infested. It is planned to publish else- 
where a report on the biology of this little 
known species. The life evele of 7. tortricis 
seems to be specifically integrated with 
that of the fruit tree leafroller. Emergence 
of parasite adults occurs some five or six 
weeks after the period when the caterpil- 
lars hatch from unparasitized eggs. It 
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takes place at a time when newly laid eggs Resuuts on Rep Buc.— The eggs of the 
of the next generation of the host are apple red bug occur singly or in pairs and 
available for oviposition. Egg masses are deeply inserted in apple twigs and 
showing exit holes made by leafroller | watersprouts. Only the tip end of the egg 
caterpillar and 7. tortricis adults are remains visible at the bark surface. Be- 
compared in figure 2. enuse of the obvious differences in loea- 
tion and nature of protection between 
leafroller and red bug eggs, one might ex- 
pect to find differences in their response to 
insecticides. The results obtained with 
various oil and oil-dinitro sprays are given 
in tables 8 and 6 

The minimum quantity of oil required 
to give control of red buy appears to be 
slightly greater than for the leafroller. If 
an efficiency of 95 per cent represents the 
approximate lower limit of “control” for 
field tests, then perhaps 1.5 mg. oil per 
square inch of bark is the indicated ef 
fective minimum for oils of the type of Oil 
\. The results obtained in table 6 wher 
sodium lauryl sulfate and triethanolamine 
oleate emulsions are « OM pare dl incdieates a 





ku 4 Leafroller egg masses showing exit holes 


produced by adults of the parasite / 
and by leafroller larvae (right). Enlarged ; ' 
difference in wetting and spre ading caupac- 


The effects of various dormant treat ities. Sodium laurvl sulfate is the better 
ments on 7. tortricis are given in table 3 wetting agent at the concentrations used 
In general, parasitized eggs appear to re This conceivably might cause sufficiently 
act in almost an identical manner to the — better penetration of oviposition wounds 


oil and other toxicants as unparasitized and wetting of thre eggs to give better con 
rw. Although there is an indication that — trol 


egg 

some parasites might survive the mini As with the leafroller, the various oils 
mum effective dosage of oil piven for the represt nted in the tests did not show the 
leafroller L.5 meg. per sq. mm of bark for same degree of toxicity to red buy egYys 
Oil A), for all practical purposes the treat Table 3). Evidence on this pommt is not as 
ments that destroy leafroller eggs destroy clear-cut as with leafroller, but there seems 
T. tortricis as well to be no mistaking this general fact 


Table 5.—Results obtained with oil and oil plus dinitro compounds in the treatment of fruit tree 
leafroller egg masses heavily parasitized with Trichogrammatomyia tortricis Girault. 1939 
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The dinitro insecticides have proved in- 


effective against red bug and when com- 
bined with oil seem, if anything, to exert a 
slight inhibiting action on the oil. The ef- 
fects on oil deposit and control caused by 


combining one-half and 1 gallon of Elgetol 


with an oil emulsion have already been 


discussed in connection with the leaf 


roller. Similar data appear in table 6. 


standpoint of the rosy aphid, the plat 
technique employed here left much to be 
desired. But aphid infestation data were 
taken anyway for what it might be worth 
in suggesting general trends. Some of 
these data are given in table 7. Oils as or- 
dinarily used are poor aphicides. This was 
strikingly demonstrated in that part of 
the orchard where the grower applied a 5 


Table 6.—Results obtained with oil and oil plus dinitro compounds in apple red bug control. 1940. 
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There ts a fundamental difference in the = per cent Goulae emulsion of Oil A and 


records on the fruit tree leafroller and red 
bug that should be kept in mind when in 
terpreting the results given. With the leaf 
roller, data are prese nted on the effeet of 
the treatment on marked egg 
Consequently such data constitute a di 
rect measure of the effier nev ol the treat 
unaffected by 


THMasses. 


Variations in 
The re 7 


data, however, consist of estimates of tree 


ment and are 
infestation between trees buy 
populations of the inseet arrived at indi 
rectly by counts of injured terminal 
growth or fruit. While reeords taken in 
this way are sufficiently accurate for most 
purposes, they cannot be considered more 
than approximations They are 
fected by the normal variation in the pop 
ulation between trees. The leafroller data 
would thus appear to lend itse lf to much 
more precise interpretation than would be 


also af 


true of that given on the red bug 

Resteits on tHe Rosy Apruip.—The 
rosy apple aphid was present in outbreak 
proportions in western New York orchards 
in 1939, including the planting beimg used 
for our principal leafroller tests. From the 


where comparable treatments were used 
in the experimental area. These formulae 
proved entirely effective against fruit tree 
leafroller but outwardly they appeared to 
have little effect on the rosy aphid. Ex- 
cept for about 10 per cent of the trees in 
the experimental area approximately 50 
per cent of the crop in this entire orchard 
was damaged by the aphid. 

For a measurement of the separate ef- 
feets of oil on rosy apple aphid eggs the 
best controls available were the trees that 
had been treated with dinitro compounds 
and oil. These showed an average fruit 
injury at harvest of 2.53 per cent. The 
first entry in table 7 represents the effect 
on the aphid ofa dosage of oil that will kill 
leafroller eggs. The degree of aphid con- 
trol seems to have been low. This fact may 
not be clearly evident from the aphid col- 
ony data, but since 45.73 per cent of the 
fruit from these trees was aphid-injured, 
the degree of protection supplied by the 
oil could not have been large. 

That oils of the type used will ulti- 
mately give control of the aphid is indi- 
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cated by the results obtained in over- 
spraying with 4+ per cent oil. In this 


instance the trees received what was con- 
sidered twice the usual gallonage of spray 
needed to completely cover them. The re- 
duction in aphid injury noted over trees 
receiving the usual probably 
should not be attributed solely to in- 
creased oil deposit; the oversprayed trees 
no doubt received a much more uniform 
cover of oil in the amount indicated than 
could be accomplished with a lesser gal- 
lonage. An explanation of the difference in 


dosage 


kK ONOMIE 
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t mg. of oil per square inch of bark where 
an oil of the type of Oil A is involved. 
Summary. A correlation was found to 
exist between the quantity of oil deposited 
on apple bark in spraying as determined 
by the analysis of a sample of twigs and 
the efficiency of the treatment in killing 
the eyys of the fruit tree leafroller. kx- 
pressed in terms of a surface unit, the 
minimum effective required for 
this species is approximately 1.3 mg. oil 


dosage 


per square inch of bark. This ts the dosage 
when using the type of oil utilized in most 


Table 7.—Results obtained with oil and oil-dinitro compounds in rosy apple aphid control. 1939. 
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control indicated between trees spraved 
from the ground and from the tower prob 
ably lies in the manner of rosy aphid egg 
distribution on the tree. Aphid injury and 
presumably the location of eggs as well, is 
largely restricted, usually, to the lower 
and inner portion of the tree. A sprayman 
on the ground should be in a better Posl- 
tion to cover this zone of the tree com- 
pletely than could an operator on top of 
the spraving machine. 

It cannot be said that the quantity of 
oil needed to control the rosy aphid was 
much more than indicated from the data 
obtained in 1939. Certainly, the petroleum 
oils In use today show a lower degree of 
toxicity to rosy aphid eggs than to those 
of the leafroller, red bug, Kuropean red 
mite and others. And in using a material 
showing this degree of utility, the stand 
ard of “control” might be expected to 
cover latitude, especially 
since an aphid is involved. For one thing, 
the effective dosage for the aphid prob 
ably exceeds or at least approximates the 
maximum dosage that a tree ordinarily 
would tolerate. The minimum effective 
dosage of oil needed to “control” this spe- 
cies In 1939 appeared to lie between 3 and 


considerable 


of the tests reported. Greater or lesser 
amounts will be required for other petro- 
leum oil types available. While oil deposi- 
tion may be profoundly affected by the 


kind and amount of emulsifying agent 
used in the spray mixture, control was 
found rather directly related to the 


quantity of oil finally deposited regardless 
of how it became deposited. Thus there 
was little evidence obtained of any impor- 
tant effect on efficiency imparted by the 
emulsifier acting strictly in its role as a 


wetting and spreading agent. The dinitro 


insecticides used = proved — ineffective 
against the eyvys of thre leafroller These 
materials also failed to inerease the efh- 


ciency of the treatment when combined 
with oil over that obtained separately 
with the oil. 

The fruit tree leafroller egg 
Trichogrammatomyia tortricis Girault, was 
found to show essentially the re- 
action to the various treatments tested as 


parasite, 
same 


unparasitized eggs 

Oil spray formulae advised for fruit tree 
leafroller control should im 
prove effective against the apple red bug. 
However, the data obtained suggest that 
approximately 1.5 mg. oil is the minimum 


Cases, 


most 
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effective deposit for this pest. The fune- 
tion of the emulsifier in wetting and 
spreading appears to constitute a more 
important factor in the control of the red 
bug than of leafroller. The dinitro com- 
pounds gave negative results on red bug 
either when used alone or combined with 
oil. 

Dosages of oil found effective against 
the leafroller and red bug proved ineffee- 
tive against the rosy apple aphid in 1989 
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when the pest occurred in outbreak num- 
bers in the experimental orchard. Control 
can eventually be effected with oil sprays 
containing a high percentage of oil but it 
is doubtful that they would be acceptable 
treatments owing to the danger of tree 
injury at effective deposits. Between 3 
and 4 mg. was the indicated minimum 
effective deposit per square inch of bark 
under infestation conditions obtaining in 
1939.--7-3-41. 


LITERATURE CITED 


Chapman, P. J. and R. W Dean 1936. Further studies of larvicides to control fruit tree leafroller. 


ur. Econ. Ext. 29°38 961-70 
Chapman, P. :* G. W. Pearce and A. W Avens 


The use of petrole tim oils as insecticides II. Some 


factors affecting the amount of oil deposited on apple bark in dormant spraying. Jour. Econ. 


ENT. 34(2): 207-12 


Pearce, G. W., A \W Avens and P. J. ¢ hapman 


The use of petroleum oils as insecticides. 1. De- 


termination of the amount of oil deposited on apple bark in dormant spraying. Jour. Econ. 


ENT. 34(2): 202-6 


Compatibility of Bordeaux Mixture and Cube 


Ronert A. Fuiton and R. H. Net 


B E-ntor 

Bordeaux mixture, as commonly pre 
pared, is neutral or slightly alkaline and 
the effeet of this mixture on the constitu- 
ents of cube appeared worthy of careful 
study. 

It is known that rotenone-bearing in 
secticides become less toxie whe MN used In 
the presence of alkahes, owing to oxida 
tion of rotenone and deguelin (LaForge & 
Haller 1934). Freshly prepared bordeaux- 


cubé spravs have been used by Walker 


1937) against the Kuropean corn. borer, 
Pyrausta nubilalis Hb ’ and hy Huck- 
ett (1938) against the Mexican bean 
beetle, Epilachna varirestis Muls. This 
paper reports tests made under laboratory 
and field conditions of bordeaux-ground 
cube root combinations at various inter 
vals after preparation. 

Laboratory Tests. Bordeaux mix- 
ture (4-6-50) was prepared in the regular 
manner, and to this mixture cube contain- 
ing 5.7 per cent of rotenone and 24.5 per 
cent of total extractives was added to 
make a spray of 0.015 per cent rotenone 
content. This suspension was stored in 
glass bottles in the laboratory, and 
samples were removed at monthly inter- 
vals to determine by colorimetric Good 
hue 1986 and goldfish (Gersdort® 1935 


74 


x. U.S Department of fyriculture, 


and Plant (Quarantine 


analyses the deterioration that had taken 
place. 

Meruops or ANALYSIS AND TOXICITY 
DirTERMINATION.-The bordeaux mix- 
ture-cube was shaken for several minutes 
and a 100-ml. sample was removed by 
means of a pipette. This sample was then 
divided into units of 10 ml. each. The 
10-ml. samples were immediately evapo- 
rated to dryness in a carbon dioxide flask 
on a steam bath with the assistance of a 
vacuum air stream. The residue was ex- 
tracted and filtered six times by thor- 
oughly washing with warm, dry chloro- 
form. By this method only a trace of 
copper could be detected in the extract 
with the potassium ferrocyanide test. The 
chloroform was then evaporated to dry- 
ness and the residue was dissolved in 10 
mil. of acetone. Aliquots of 2 ml. each were 
used for the colorimetric analysis. For the 
goldfish analysis the residue was dissolved 
in 20 ml. of acetone, and 1 ml. of this 
solution was added to 1 liter of water. 

The previously mentioned procedure 
was compared with the colorimetric 
method by the use of an equivalent 
sample of cube to determine the dis- 
crepancy, if any, in the modified tech- 
nique. A weighed sample of cubé was dis- 


Ae Set 
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solved in acetone and made up to a vol 
ume to contain the same amount of 
rotenone per milliliter as the cube-bor- 
deaux mixture. When sampled imme- 
diately after mixing, ho difference could 
be detected between the cubé dissolved in 
acetone and the cube mixed with bor- 
deaux and rapidly evaporated to dryness. 

To determine the toxicity to larvae of 
the Mexican bean beetle under laboratory 


Table 1.—Deterioration of cubé when com- 
bined with bordeaux mixture as determined by 
various criteria. 
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conditions, the bordeaux mixture-cube 


was applied to bean leaves by means of a 
small standardized atomizer cde veloped by 
H. A. Waters, of Ohio State l niversity. It 
was found by analysis that four reservoirs 
full would deposit 16 
rotenone per square centimeter. After the 
spray had dried, Mexican beetle 
larvae were confined on the treated leaves 


micrograms of 
bean 


by means of a small glass eylinder, and 
mortality was determined after 96 hours 
Leaves were changed eve ry $8 hours. 
LaBoratory Resuuts.—Analyses by 
the colorimetric method, cube 
sample was used as a control, showed no 


when a 


decrease in rotenone in the bordeaux solu- 
tion after it had been mixed for 1 hour. 
Later analyses indicated about a 20-per 
cent reduction after 30 days, followed by 
a further 20-per cent reduction in 62 days. 
\fter 3 months the rotenone had decom 
posed 50 per cent, but in the remaining 12 
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months no further change was detected 
Table 1). The goldfish survival time and 
the mortality data for the Mexican bean 
beetle larvae (Table 1) corroborate the 
colorimetric results. 

Fietp Tests.--In addition to the 
laboratory studies, a bordeaux mixture- 
cube combination containing 0.02 per cent 
of rotenone was prepared on March 31, 
1939, and 10 weeks later, on June 7, was 
used in field the Mexiean 
bean beetle. The cubé used Was from the 
same lot as that employed in the labora- 
tory tests. At the time application Was 
made in the field, analysis indicated that 
the cubé had deteriorated approximately 
00 per cent 


tests against 


In two experiments on snap beans the 
mixture was compared with a number of 
spray combinations, including the recom 
mended O.O15 per cent rotenone spray and 
an O.01-per cent spray (both 
made with cube) as well as an untreated 
check. Each material and the 
replicated four times in each experiment 
(Applications were made with continuous 
pressure knapsack spravers al the rate of 
100 to 110 gallons per acre 

Fietp-Trest Restuirs 
summarized in table 2 
statistically analyzed, and tests of 

by the method of the 


ne 
Snedecor 193% 


rote Theotie 


che ck Was 


The results are 
The data were 
sig- 
nificance were made 
analysis of variance 

As the tabulated data show, there 
no difference in the control obtained with 
the three sprays 2 weeks after application, 
and all are significantly better than the 
untreated check. Under practical condi- 
tions a second application would have 
heen made 10 days or 2 weeks after the 


Was 


first. This was omitted to obtain informa- 
tion on residual effect. The 
injury $ and 4 weeks after spraying show 
no significant the 
three sprays, remained —signifi- 
cantly better than the check. The greater 
injury in the 0.01 per cent rotenone plots 
after 4 weeks may indicate a tendency for 
the 0.01-per cent rotenone spray to have 
less residual effect than the other two, but 
in these tests the differences are 
nificant 
These data 


estimates of 
differences between 


and al 


not sig- 


that a bordeaux 
mixture-cube combination made up to 
contain 0.02 per cent of but 
which had deteriorated about one-half in 
rotenone at the time of use, 


indicate 
rotenone, 


was equal to 
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a freshly prepared 0.015 per cent rotenone — reduction in the rotenone content of the 
spray in effectiveness against the Mexican — mixture after 30 days. The reduction was 
bean beetle. This may be due in part to about 40 per cent after 62 days and 50 per 
the excellent sticking properties of bor- cent after 92 days, but no further change 
deaux mixture and also to the fact that, as was detected even after 12 months. 

observed by Huckett (1938), bordeaux In the field a bordeaux-cubé combina- 
mixture in itself possesses considerable tion originally made up to contain 0.02 


Table 2.—Comparative effectiveness against the Mexican bean beetle of bordeaux mixture-cubé 


&. 


spray prepared 10 weeks prior to application and freshly made cubé sprays in field tests at South 
Point, Ohio, 1939. 








EXPERIMENT | EXPERIMENT 2 
ROTENONE 
CONTENT Mean Estimated Per Cent Beetl Mean Estimated Per Cent Beetle 
it Time ot Injury After Spraying Injury After Spraying 
SPRAY APPLICATION, 
COMBINATION id Kk CENT 2 Weeks } Weeks + Wee ks 2 Weeks 3 Weeks + Weeks 
Bordeaux mixture 
t- 6-50 plus cube 0 Ol 0 15.0 23.8 5.0 20.0 28.8 
Cube OlS ».0 3.8 76.2 5.0 20.0 28.8 
Cubs | 0 lG.2 $5.0 5.0 925 40.0 
Check (untreated bs 6.2 66.2 33.8 55.0 68.5 
Require d d Te rene 
for odds of 99 to 1 14.9 12.6 22.9 8.1 9.3 14.0 
merit in reducing the feeding of the Mexi- — per cent of rotenone, but which had de- 
can bean beetle teriorated about 50 per cent in rotenone 
Semmary. The combining of ground content at the time of application, was 


cube root with bordeaux mixture has been — tested against the Mexican bean beetle. 
studied in the laboratory and under field The combination appeared equal in effec- 
conditions tiveness and residua: effect to a cube spray 

In the laboratory colorimetric and gold- containing 0.015 per cent of rotenone. 
fish analyses indicated about a 20-per cent — 5-17-41. 


LITERATURE CITED 


Gersdorff, W. A. 1955. A new criterion for the comparison of toxicity with respect to concentration 
and time. Jour. Agr. Res. 50(11): SSI1-91 

Goodhue, L. D. 1936. An improvement of the Gross and Smith colorimetric method for the determina- 
tion of rotenone and deguelin. Jour. Assoc. Off. Agr. Chem. 19(1): 118-0. 

Huckett, H. C. 1938. Recent problems on Long Island in the control of bean insects. Jour. Econ. Ent. 
31(2): 266-70 

LaForge, F. B., and Hf. L. Haller. 1934. Rotenone XXX. The isomerism of rotenolones. Jour. Amer. 


Chem. Soc. 56(7 1620 

Walker, G. L. 1937. New wetting and spreading agent for spray materials. Jour. Econ. Ent. 30(6): 
02-7 

Snedecor, G. W. 1937. Statistical methods applied to experiments in agriculture and biology. Ames, 
lo Vil 

Mr. W. E. MeCauley, a graduate of the Univer manager of the insecticide division of the Velsicol 

sity of Hlinois and for the past sever ears a member ( orporation of ¢ hicago 

of the staff of the Illinois State Natural Hist TN Mr. MeCauley’s new address will be 6118 North 

Survey, has recently resigned to accept a position a Oakley Boulevard, Chicago 
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I. Stabilization of a Naphthale ne .lerosol 


> Groot 
Bureau of I 


\\ NOS LIVAN, I 


Among the chemicals used as insecti 
cides, only those whose volatility is great 
enough to produce an effective vapor con- 
centration at ordinary temperatures have 
heen practical as fumigants. In view of 
this limitation on the use of less volatile 
compounds, attempts have been made to 
obtain higher concentrations by some 
method such as rapid vaporization. In the 
case of 1932), which is 
extremely toxic to many insects, the ap 
plication of heat in various ways has been 


nicotine (Savage 


very useful in producing a toxic concen 
tration. With other less toxi 
of which the 
concentration — is 


substances, 
mini 
much 


such as naphthalene, 
mum effective 
higher, something more than just rapid 
Hartzell & Wileoxon 1930, 
With many 


concentration of the 


vaporization 
Whitcomb 1985 
of these materials 
saturated vapor is not enough, and more 
of the insecticide must be present in thre 


Is nec? ssary 


form of an aerocolloid or aerosol 

If insecticides are to be applied in this 
form, consideration must be given to the 
properties of aerosols in general and to the 
one prepared 
The stability 
shape, 


specific properties of the 
from any chosen insecticid 
of an aerosol depends on the size, 
and uniformity of the particles, the num 
ber of particle s per unit volume, and the 
nature of the material forming the particle 
Stumpf & Jander 1936, Whytlaw-Gray 
1936). The 
dependent 


particle is 
entirely on the method of 
no further peptizing 


initial size of the 
preparation, sine 
dispersing) action is possible in a gas 
Whvytlaw-Gray 1986). Particles 
ably become larget by collision with and 
adhesion to other parti les or by growth 
of the particl in contaet with its Vapor 
Thomson 1871). With an aerosol having 
a vanishingly low vapor pressure, the rate 


mVvarl- 


of coagulation is directly proportional to 
the number of particle sina given volume. 
Therefore, a dilute aerosol is more 
stable than a concentrated one. An aerosol 


very 


having a measurable vapor pressure will 
In many Cases precipitate very rapidly . be 


HUE and J. H 
tomology and P. int Quarant 


Faues, U.S. Department of A 


CaUSe the small particles LTOW by both 
Sometimes 
a high 


processes mentioned above 
the particles in an aerosol with 
vapor pressure in its saturated atmosphere 
reach a critical size which ts relatively 
stable. The stabilization is closely related 
to the type of nuclei on which the particles 
condense ‘ For example : hy LrOSCOpLe nuclei 
stable Dobson 
The presence of an 


produce the most fous 
1936: Kohler 1986 
abundanes of the proper t\ pre of nuclei is 
very important to thre production of a 
fairly stable aerosol from the condensed 
The pre 
substance 
nuclei has 


& Solntseva 


Vapors of a volatile substanes 
vious dispersion of an inert 
furnishing an abundance of 
been suggested by 
1938). 


These facts regarding coagulation might 


STHIPHON 


CONVES the Impression that an aerosol is 
too unstable to be used as a fumigant. Its 
effective period is much shorter than that 
of a gas, which does not coagulate at all, 
hut when the time of contact 
only hours the stability: of 


dispersion hay bye We II within thre cle sired 


need he 


al fe W al good 


even he 


range. Some precipitation may 
advantageous, since it leaves the imseet 
and its habitat covered with the mseeti- 


cide 

In the first paper of this series (Sullivan 
etal, 1940), 
and pyrethrum, the toxie 
dispersed In fine party les and practically 


desertbing the use of rotenone 
material was 
hoe Vapor of the msecticide was present. 
In this type of isp rsion the aerosol is 
composed only of the insecticide and is the 
active part of the svstem There is little 
tendeney for growth of erystals and con- 


When, 


substane cs are 


sequent however, 
volatile 
Vapor in contact with the isp rsed phase, 
the time required for « omplete precipita- 
Stumpf & Jander 1936). 
good example of this 
It can be vaporized 


precipitation 


more used with 


tion is very short 

Naphthalene is a 
tvpe of material. 
easily and it condenses to particles of col- 
loidal dimension, but in a remarkably 
short time these parti les grow to large 
crystals, which settle completely in a few 
is to 


minutes The re fore - if this insecticrcde 


bol 
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be used in the form of an aerosol, some 
method must be devised to prevent its 
rapid precipitation. In preliminary tests 
it was found that when naphthalene was 
vaporized in the presence of an abundance 
of inert nuclei, its effectiveness increased 
vreatly. A further investigation was made 
of this observation, where the housefly 
was used as a biological indicator, and the 
results are reported in this paper. 

Mareriats and Metuop.— A sample 
of naphthalene melting at 80° C. was used 
in these tests. A burning mixture, which 
produced a heavs smoke, proy ided the 
inert nuclei. This mixture was made by 
mixing 830 gm. of ground cornstalks with 
a solution of 170 rin. of sodium nitrate in 
enough water to wet the cornstalks, and 
drying overnight in a steam cabinet. 

No special apparatus was required for 
these tests. The naphthalene was boiled 
off hy placing it in an iron pan, 6 inches in 
diameter and 2 high, on a hot 
plate. The smoke was produced in the 
chamber by burning the cornstalk-sodium 


inches 


nitrate mixture in an open dish. The en 
closure was a reasonably tight Peet-Grady 
chamber (216 cubie feet), having a small 
door near the bottom for 
exposed flies and introducing fresh ones 
It was maintained at 29° C 1°. The flies 
were handled in 10-inch cubical cages with 
screen wire on the top and two opposite 


removing. the 


sides. Some of the cages had covers on the 
top to protect the flies from the naphtha 
lene which settled out directly above this 
area. 

Laboratory bred tlic s were is dl it the Se 
tests. From 100 to 200 were placed in each 
cage. The toxicity tests were conducted in 
the following manner 


Three cCaves of flic Ss, One covered and 
two uncovered, were placed in a Peet 
Grady chamber, and 160 gm. of naph 


thalene was vaporized in about 7 minutes 
on a hot plate at about 375° C. These 
cages were expose d fora 20-minute yr riod, 
and then a seeond group of three cages 
Was introduced and exposed for thre next 
50 minutes. In addition a covered 
was Introduced after the first 15 minutes 
and exposed for 35 minutes. At the end of 
50 minutes the flies, still in the same cages, 
were placed in a constant 
28° C.) and fed, 
mortality counts were mace 


temperature 
and after 24 hours 
rn the 


room 


ustial 


manner 


On the same day an identical series of 


\ NAPHTHALENE AEROSOL 


651 


tests were performed in the presence of the 
smoke, made by burning 20 gm. of the 
cornstalk-sodium nitrate mixture imme- 
diately before the naphthalene was vapor- 
ized. These series were repeated, until a 
maximum of five tests were run, the order 
of testing with or without smoke being 
alternated. Two check tests using the 
smoke alone were also run. 
Resutts..-The mortality data are 
given in table 1. The results show that the 
effective period is considerably lengthened 
when naphthalene is volatilized in the 
presence of an abundance of inert nuclei. 


Table 1.—Effectiveness against houseflies of 
vaporized naphthalene with and without smoke. 
A dosage of 2 pounds of naphthelane per 1,000 
cubic feet was used. ' 





NAPHTHALEN!# 
AND SMOKE 


NAPHTHALEN! 





N Nun Mortality Num Mortality 
BER ber in 24 ber m 24 
hAroOs I hours ol hours, 
MINUTES Tests nsects per cent insects per cent 
( ered 
a 40th r) 762 800 S48 98.6 
L5th-5otl } 557 10.0 S38 71.0 
rth —Sorl B 1088 1.8 1174 17.2 
U1 ered 
7) dott ) 1551 908 1274 90.0 
Oth Sort ) 12 0 2060 24.4 
In 2 tests with 1,587 flies exposed to smoke alone in un 
$5 minutes, the mortality was 1.0 per cent 


These results have been subjected to 
tests of significance. Before the analysis of 
variance was made, the percentages were 
transformed into equivalent angles, a unit 
of measurement having an independent 
variance (Bliss 1938). The tests were ap- 
plied to all classes, including those averag- 
ing above 90 and below 10 per cent. While 
trials were ordered and could be cross- 
classified by days, the fact that variance 
for days was substantially the same as for 
error made it seem admissible to compare 
variances simply as between and within 
treatments. 

In the test using naphthalene with the 
inert aerosol for the first’ period, 0-20 
minutes, where the cages were covered, 
as compared with the test using naphtha- 
lene with no aerosol over the same period, 
the difference approached — significance. 
\lso in the case of naphthalene with the 
inert aerosol for the same period where the 
cages were uncovered, no difference was 
detected. Where naphthalene was used 
with the inert aerosol in covered cages as 
compared with uncovered cages, no sig- 
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nificant difference was detected for either 
minute 


the 0 20 minute or the 20-50 
period. In all other comparisons the differ- 
ences were real.! 

The greatest difference 
when the cages were covered. The best 
example of this prolonged efficiency ap- 
pears in the results for the 15 50 minute 
period, where the smoke mereased the 


was obtained 





Reduction of a 
the floor hy the 
inside the ring shows 
ent: that outside show 


l 
xcept tha no smoke vas presel 


naphthalene precipitate on 


hia. | 
presence of smoke The floor aren 


stl oke ‘ 


= the deposit under the same 


dep sit when as pres 


; ; 


conditions ¢ 


mortality about seven times. It is alse 
noted that the mortality from naphtha 
lene im the presence of inert aerosol was 
not reduced during the first 20-minute 
period when the cages were covered, but 
that a reduction did occur when naphtha- 
lene was used alone. Since the mortality 
from the smoke alone was negligible, these 
increases in effectiveness are apparently 
not due to its toxicity. 

The mortality results supple 
mented by visual examination of the 
aerosols. When naphthalene is vaporized 
without smoke, large crystals rapidly 
form, and the material out i 
about 15 to 20 minutes, 
Is present condensation appears to take 
place on the nuclei and = the 
formation of large crystals is greatly re- 
tarded. As a result settling is much slower 


were 


“SHOWS 


but when smoke 


abundant 


KcoNoML 
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and the deposit is much more evenly dis- 
tributed over all the surfaces regardless of 
position. 

The effect of the smoke on the amount 
of material deposited on the floor is shown 
in figure 1. After a 50-minute exposure to 
naphthalene volatilized in the presence of 
smoke, a spot on the floor was covered 
with an inverted pan, the edges of which 
were sealed with honey. The rest of the 
floor was thoroughly cleaned. The same 
amount of naphthalene was again vola- 
tilized with no smoke present. After the 
same interval the pan was removed and 
the photograph was taken. The difference 
was so great that evaporation of the de- 
posit inside the circle was suspected of 
causing some of the difference, but when 
the order of test was reversed so that the 
heavy deposit was inside the circle the 
same difference was noted. 

Discussion. These experiments show 
that the presence of an inert aerosol defi- 
nitely prolongs the effectiveness of naph- 
thalene as measured by its toxicity to the 
housefly. The aerosol provides a 
number of nuclei on which the naphtha- 
lene apparently condenses, thus prevent 
ing the rapid growth of large, heavy erys- 
tals, which would settle rapidly. In this 
way the saturated vapor in the air is 
supplemented hy suspended insecticide, 
which is eventually deposited in a well- 
distributed laver over the insect and the 


vrealt 


surface on which it re sides In the ‘ xpert- 
ments with the covered cages a better dis 
tribution was obtained when an inert 
In general practice 


since it would 


aerosol was present 
this might be an advantage, 
prevent natural obstacles, such as leaves, 
from protecting the imsect against the de- 
posits of the insecticide 

Summary. Toxicity tests against the 
housefly were made in the Peet-Grady 
chamber, in’ which naphthalene 
vaporized both alone and in the presence 
of smoke from a burning mixture contain- 
ing cornstarch and sodium nitrate. The 
effective period of dispersed naphthalene 
was greatly lengthened by vaporization 
in the presence of the smoke. This in 
creased effectiveness seems to be due to 
adsorption of the insecticide on the inert 
particles. The of the inert 
particles changes the character of the de- 
posit and the rate of ervstallization, as 
well as the size of the ery stal. Instead of 
hemg collected mostly on the floor, the 


Was 


presence 
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naphthalene. was deposited more uni 
formly on all surfaces regardless of posi 


tion. The difference in mortality between 
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The Revival of Cigarette Beetle Larvae Fumigated with 
Hydroevanie Acid 


KE. M. I eand W.D. Ret 


The time between 
fumigation treatment and mortality de 
termination is dependent on many factors, 
among the important the 
nature of the toxicant and the suscepti 
bility of thre Insect species 

Tests were 


that should elapse 


most being 


made to determine the re 
vival from day to day of larvae of the 
arette beetle. 
, following fumigation with 
concentrations of hvdrocvant acid gas for 
different exposure periods The purpose of 
this paper is to bring out the rate at which 
revival of treated larvac These 
data indicate in some time, 
when 


should he 


cCly Lasioderma Serricorine 


Various 


occurred 
measure the 
following treatment of test larvae, 
the percentage of 
determined 
Revirw on 


mortality 


LITERATUR it is appar 
ent from the literature that variation oe 
curs among Insect species in revival from 
day to day after fumigation with hvdro 
evanic acid and that 
have followed no definite procedure when 


investigators 


iis 


p, U.S. Department of 


{griculture, 


| Plant Quarantine 


determining the time that should elapse 
before mortality counts are made. There- 
fore comparison of the results of different 
workers can be made only with consider- 
able difficulty. 
Strand (1930), 
Tribolium confusum 


working with adults of 
Duv., found that 
little or no change in mortality occurred 
after a post-fumigation period of 24 hours. 

Ginsburg (1933), using codling moth 
larvae as test insects, found that some 
individuals which were apparently dead 
at the end of the fumigation period re- 
vived after being exposed to the air for 
several hours, and he based his mortality 
determinations on observations made at 
the end of 24 hours. 

Brindley & Baker (1927) fumigated 
[phis rumicis L., Sitophilus oryzae (L.), 
and S. granaria (L.) and kept them over- 
night at a constant temperature before 
determining mortality. 

Swain (1918) found that adults of Hip- 
podamia converge ns Guer. were either dead 
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or recovered “within a comparatively few 
hours after fumigation.” 

In working with Drosophila melano- 
gaster Meig. Bliss & Broadbent (1935) ob- 
served that flies showing a mortality of 
15 per cent immediately after fumigation 
showed a mortality of 50 per cent 2 days 
later. 

Peters & Ganter (1985), in a study of 
the toxicity of hvdroevanic acid gas to 
Sitophilus granaria, found that immedi 
ately following fumigation the beetles 
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planeta americana (Ll. 
and the albino rat, 
method. 

Mernops anp Apparatus. The ap- 
paratus consisted of a flowmeter, hydro- 


Sitophilus oryzae, 


followed the same 


evanic acid gas generators, fumatorium, 
absorption bottles, and suction apparatus. 
These were connected with glass tubing in 
the order named in such a way that air 
entered the flowmeter, where its volume 
was measured, passed next through the 
generators, where hydroevanic acid gas 


Table 1.—Revival of larvae of the cigarette beetle fumigated with various concentrations of hydro- 
cyanic acid gas for different exposure periods, Richmond, Va., 1937. 





PERCENTAGE OF 


Ni 


Larvae Founp Revivep own Inpties 
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15 Mw) > 0 90 1] 11.7 | 1S 
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Figure 


were motionless. Observations were made 
for 7 days, and only individuals that had 
shown no sign of life during this period 
were regarded as having been killed by 
the fumigant. Those insects that had re- 
vived but were moribund or dead at the 
end of the 7 days, 
living, were recorded 
the fumigation. 

Hamlin & Reed (1927), in fumigation 
tests with carbon disulfide under commer- 
cial conditions, that in general 
insects exhibited progressive revival fol- 
lowing fumigation until the maximum 
was reached, after which mortality be 
came evident. They suggested that the 
percentage of kill be based on maximum 
revival. Since their 
not executed under controlled conditions 
and did not include a study of the factors 
which may affect the revival from day to 
day, no definite conclusions were made, 
but it was their belief that “maximum 
revival, or minimum kill,” was “the most 
satisfactory index of effectiven ss.” 

Later Allison (1928), in studying the 
toxicity of hydroevanic acid gas to Peri 


as well as those still 
as having survived 


show ed 


investigations were 


then to the 


insect 


up, fumatorim 
contaming — the then 
through the absorption or sampling bottle, 
where the fumigant 
finally to the suction apparatus. The con 


was taken 
material, 


was recovered, and 


centration of hyvdroevanic acid gas in the 
air stream was le termined by the Leibig 
method as given by Seott (1925 

Full-grown larvae of the cigarette beetle 
were exposed to hydroevanic acid gas at 
concentrations of 5, 10, and 15 milligrams 
per liter for 1, 2, § hours 

In previous experiments’ it had 
found that complete mortality resulted 
when larvae were exposed to 5 milligrams 


and 
been 


of hydroevanie acid gas per liter for 8 
hours, to 10 milligrams per liter for 5 
hours, or to 15 milligrams per liter for 4 
hours. Therefore, with the concentrations 
and exposures used in the present expert 
ments it was possible to study the day-to 
day revival when mortality was low and 
when it was nearly complete 

The method of rearing cigarette beetle 
larvae has been described by Livingstone 


lnpu ahve t } Med Iu 


' 
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et al. (1936). In brief, the larvae were fed 
on corn meal and kept in a room in which 
the temperature was maintained at about 
99° F. and the relative humidity between 
65 and 70 per cent. The fumigations were 


conducted at a temperature of 82° and 
at normal atmospheric pressure. \fter 
fumigation the insects were kept in a 


laboratory in which the temperature and 
relative humidity fluctuated around nor- 
mal, namely, 70° to 82° F. and 50 to 70 
per cent, respectively. | 

The insects were held under obsery ation 
for 7 days, since preliminary experiments 
at the dosages tested had shown that all 
revival to be expected oceurs within this 
time. At the end of the 7-day period there 
was no doubt as to whether the insects 
were dead or alive. Those alive had re 
covered sufficiently to show movement 
and those dead showed definite signs of 
hardening or decomposition or both. 

Ri SULTS. The rey ival of larvae of the 
cigarette beetle from day to day following 


the different fumigation treatments ts 
shown in table & 
For each exposure px riod the re Was a 


gradual decrease in larval revival as the 
concentration of the gas increased, and 
for each concentration of gas there was a 
gradual decrease in revival as the length 
of exposure increased. 

Larval revival increased gradually from 
day to day until the point of maximum re 
vival was reached, and after that there 
appeared to be little or no re lation be 
tween revival and time following fumi- 
gation. 

DISCUSSION AND The 


results of these experiments show that the 


CONCLUSIONS. 


length of time the insects were exposed to 
hydrocvanie acid gas, as well as the con 
centration of the gas, affected the day-to 
day revival of the cigarette beetle after 
treatment. Therefore, if more than one 
exposure or more than one concentration 
has been used, the seleetion of an arbi 
trary time after fumigation for determin 
ing mortality is likely to lead to error 
Especially is this true when both different 
and different concentrations 
have been used 


exposures 


Unpul 
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Whether or not revival is progressive 
with all fumigants and with all species of 
insects remains to be determined. 

When different concentrations of hydro- 
eyanic acid gas for different exposure 
periods are to be tested against larvae of 
the cigarette beetle, the percentage of kill 
for each concentration and exposure 
should be determined on the day maxi- 
mum revival occurs. Moreover, the use of 
maximum revival as a basis for deter- 
mining mortality would lead to conserva- 
tive results. This statement is based on the 
thesis that all mortality occurring before 
maximum revival, or at least the greater 
part of it, is due to the effect of the fumi- 
gant, whereas all mortality occurring 
after maximum revival, or at least most 
of it, is due to natural causes. 

Considerable differences in day-to-day 
revival have been observed between in- 
sects fumigated at atmospheric pressure 
and those fumigated in a partial vacuum. 
For example, cigarette beetle larvae fumi- 
gated with sublethal dosages of a mixture 
of ethylene oxide (1 part) and carbon 
dioxide (9 parts) in a partial vacuum ex- 
hibited greater revival immediately fol- 
lowing fumigation than at any other time. 
The movements of the larvae were not 
normal, but appeared to be spasmodic, 
and upon examination on following days 
it was usually found that there was a de- 
crease in the number of larvae showing 
such movements. This period of activity 
was then usually followed by another, 
during which the insects gradually re- 
sumed activity until a maximum revival 
was indicated, although this maximum 
was below that previously attained. 
Thereafter the number of survivors re- 
mained constant or gradually decreased. 
The first peak of activity was believed to 
be due to the slow action of this particular 
gas, its toxic effect not being sufficient at 
that time to kill the insects. The surcease 
of action as time progressed indicated that 
there was a cumulative effect. 

No doubt, however, some fumigants, 
under certain conditions, will produce 
maximum revival immediately following 


treatment.-6-21-41. 
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Fumigantion experiments 


Sulfur as a Stomach Insecticide’ 


B. ¢ DiKINSON, ¢ Mi. Merapows, and |] 


Klemental sulfur is well known as a 
fungicide and as a contact insecticide and 
fumigant. The authors wish to present in 
this paper results of insecticidal tests as 
indications that sulfur may have 
limited use as a stomach poison 

So far as can be ascertained, only Mac 
Leod 1937 
stomach insecticide. He reported that in 
gestion of sulfur by the eastern tent cater 
pillar, Malacosoma 
sulted in a high mortality of that insect 


In correspondence MacLeod informed 


also 


has published on sulfur as a 


americana I: a re 


Table 1.—Relation of concentration or charge 


to deposit. 
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( onee 
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} ler mg ; 
8.2 0.02 Ai) 0 O40 
16.5 oof Ww o.100 
$1.8 0.10 low Oo 200 
123.8 0.50 200) oO. 400 
Volun , 

\ deposit 104 mg 

it would xp 

le up t re r 


the writers that similar results had been 
with the vellow mealworm, 
molitor L. and with cock 
roaches. At Cornell, E. M. Stafford also 
made an extensive study of the effect of 


obtained 
Tenebrio 


sulfur on the eastern tent caterpillar and 
ve'low mealworm. It is understood that 


{ De. F. 1. 4 pol ned Dr 1) ML Ded 
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Some factors affecting the toxicits 
Woods Hole 53: 201 7 


Laboratory tests with various fumigants o 


Insect revival after fumigation 
Morrill, Jr. 1986. Rearing the cigarette beetle for experi- 
and Plant Quar 
Abtétung des Kornkifers mit 


1925. Standard methods of chemical analysis, 
Measuring the toxicity of insect fumigants 


Phe time factor. Jour. Econ. Env. 11: 320-4 


Vol. D4, No. j 


IN POMOLOGY 


\ comparison of criteria of susceptibility in the response of 
1. Stupefaction time and mortality. Jour. Econ. Ext. 28: 


of hydrocyant acid for 


n codling moth larvae Jour. 


Jour. Econ. Env. 20: 400-28 


ht -84. 


Blausiiure. Ztschr. { 


Kd. 4, New York 


Indus. Engin. Chem., Anal. Ed. 2: 4-8, 
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Wirwas, OF / ( 
he observed the same toxic effect but as 
vel his results have not been published. 
In the summer of 1989 laboratory tests 
were conducted by the writers with 
several brands of sulfur, against last instar 
forms of a number of species of insects. 
\ll species with the exce ption of the ea- 
talpa sphinx, Ceratomia catalpae (Bay 
and the Colorado potato beetle, Leptino 
tarsa decemlineata (Say), were reared in a 
specially built rearing room in which tem- 
perature and humidity were relatively 
constant Waters 1987 The 
sphinx larvae were collected in the field 


catalpa 


and the Colorado potato beetle larvac 
were reared ma gree nhouse 
Mertruops All tests were conducted 


quantitatively using methods developed 
hy HA Waters to be published 
tially these 
Known doses of sulfur were sprayed or 
dusted into a celluloid evlinder in’ the 
bottom of which 
weighing plate being used for any particu 
lar test. As the re sulting deposit over the 
base of the eylinder was relatively uni 
form, the weight of per unit 
area of leaf surface was determined by re 
weighing the plate. Table 1 gives examples 
of deposits obtained with different con 


essen 


methods were as follows 


were the leaves and 


iInsectienle 


centrations of sprays and charges of dust. 

The treated placed indi 
vidually in open top sereen cages, 
leaf being inserted in a vial of water to 
prevent wilting. A strip of celluloid coated 
with a thin film of vaseline around the 
upper border of the cage prevented the 
escape of the larvae (Fig. 1). A single larva 
toa cage was used In every case excepting 


lean cs were 


each 
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tests involving the Mexican bean beetle, The southern armyworm, Prodenia eri- 
Epilachna rarivestis (Muls.) and the Colo dania (Cram.); variegated cutworm, Lyco- 
rado potato beetle where two larvae were — photia margaritosa saucia Hbn.; and fall 
used (Fig. 2). armyworm, Laphygma frugiperda (S. & 

Daily records of mortality and amount A.) were noticeably affected by sulfur in- 
of food eaten were taken over a period of — gestion. The results of the tests on these 
three days. At the end of this period mor- — species are summarized in tables 2 and 3. 


tality counts were made. Moribund in- 


sects were called dead. 
RestuLtTs The salt’ marsh caterpillar, 


7. 
mgrere a ! i/ 


} 


[.*t 


rury); fall webworm, 





ku | ( ages used f{ ur ‘ eding tests | l 
uthern armyworm and (2) Colorado potato beet k Fic. 2.—-Cages used for gross feeding tests of Mexi- 
larvae can bean beetle larvae. 
Hyphantria cunea (Drury); Mexican bean In ali cases ingestion of a lethal dose of 
beetle and Colorado potato beetle fed on sulfur by the southern armyworm  pro- 
leaves bearing a deposit of 0.4 mg./em duced characteristic symptoms. Twelve 


equivalent to that obtained by spraying hours after feeding the larvae were in- 
30 Ibs. of sulfur 100 gal.) without any — activated and at the end of 24 hours they 


mortality. Catalpa sphinx larvae were un were apparently constipated. During this 
affected by feeding on a deposit of 0.1 period they regurgitated a bluish-black 
mg. em. (7.5 lbs. 100 gal fluid. 


Table 2.—Effect of different brands of sulfur applied as a dust and ingested by the last instar of 
the southern armyworm 





No SULFUR 
INSECTS CONSUMED 
s s Pest I TesTeD CHARGE Derpostr) peR Larva Mortauity 
ma mag m ma per ce nt 

14 ri 0.108 1.0 64 
Dusting Sulfur (A | ere rt S 200 0.368 1.5 100 
S boo 0.812 1.8 100 
Dusting Sulfur (B Conthermn ar rr , x0 0.100 1.0 71 
Flowers of Sulfur Southern army worn 8 30 0.128 1.0 75 
i) 65 0.116 1.0 S35 
Wettable Sulfur (¢ Southern arn rn 1) att) 0.089 1.0 92 
0 100 0.202 1.2 96 
| OU 0.096 1.0 0 
Dusting Sulfur (A Variegated cutworn 15 100 0.208 1.2 16 


(j 200 0.3868 1.5 83 
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On the second day it was observed that 
some larvae exuded a colorless to slightly 
yellow liquid from the anus. These larvae 
usually died. Moribund insects became 


discolored in various regions of the body 


Table 3.—Effect of wettable sulfur (C) applied 


as a spray. 


kx ONOMIE 


and after death these regions blackened 
Fig. 3). In contrast to the flaccid eondi- 
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tion of larvae killed by arsenic, the bodies 
of larvae killed by sulfur became turgid 
and remained so after death. This tur 
gidity seemed more pronounced in larvae 
that had fed on dusted sulfur than in those 
that had fed on sprayed sulfur 

Long after all signs of life ceased in the 
head and midsection, the posterior end of 
the abdomen still responded to stimuti. 

Dissection and microscopic examination 
of the gut contents of these larvae showed 
sulfur particles as small vellow specks. 
Such particles were not seen in untreated 


Table 4.—Passage of sulfur through gut of 
southern armyworms feeding on a deposit of ap- 
proximately 0.1 mg. cm. 








NUMBI Py RESS 
Mes | 3 ms : << 
Hounxs 
| } ko nid 
4 t 2 3 through midg 
} Near p ric valve 
} } Near ‘ | 
3 } Near pyi ( il 
' + Neat pvior ive 
checks, but to be sure that thes were 
sulfur particles, the midgut contents were 
extracted with carbon disulfide, the solu- 


tion filtered and allowed to erystallize. 
Definite sulfur ervstals were found. Ob- 
servations on of sulfur through 
the gut are given in table 4 


Ppussage 
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No. § 


When the sulfur reached the region of 
the pyloric valve, it formed small lumps 
mixed with leaf tissue. These aggregations 
of particles were not large enough to ob- 
struct the passage at this point vet they 
were not observed to pass beyond the 
pyloric valve. 

The intestinal wall near the Insertion of 
the Malpighian tubes was discolored, This 
discoloration began as a thin black band 
which widened anteriorally and posteri- 
orally until the hind gut and about one 











half the midgut was totally black. The 
extent of the discoloration depended on 
the quantity of The 
Malpighian than 
normal. 
DISCUSSION, 


COTESUTINE dl 
flatter 


sulfur 
tubes seemed 
It was shown in the pre 
ceding section that commercial sulfur is 
toxic when ingested by certain larvae. The 
southern armyworth Was susceptible to 
four different brands, all presumably con- 
sisting of sulfur of high purity. However, 
the possibility remains that traces of im- 
purities may have been responsible for the 
toxie effects, or if sulfur itself is the toxie 





October 1941 DICKINSON FT AL.: SULFUR AS A STOMACH INSECTICIDE 659 


agent, its toxicity might be attributed to 
certain allotropic forms. The following 
samples of sulfur were therefore prepared 
and tested to shed some light on this 
question: 

Sample No. 1: A pure ery stalline sulfur 
obtained by fractional distillation of erys- 
talline sulfur in a high vacuum Hickman 
still. This product, representing the 
middle third of the solidified distillate, 
was ground in a ball mill to a particle size 
of about 40 microns. 

Sample No. 2: Same as No. 1 except 
that impurities were added (0.013) per 
cent each of AgoSO,, NiSO, and CuSQ,) 
by grinding in a ball mill as above. 

, Sample No. 3: Residue from distillation 
of No. 1. Ground as above. 

Sample No. 4: Residue of amorphous 
sulfur insoluble in carbon disulfide, ob- 
tained by filtration of a mixture of com- 
mereial sulfur and carbon disulfide. This 
product did not need grinding as it was 
more finely divided than the other three. 

These four samples were tested in 
parallel as dusts against the southern 
armyworm. Only sample No. 4 caused 
mortality on the order of that produced 
hy the commercial samples in table 3. The 
others, ranging in deposit from 0.06 to 
0.2386 mg. cem.*, had little or no effect on 
the larvae. These preliminary tests did 
not explain the toxicity of commercial 
sulfurs as stomach insecticides, but sug- 
gest three possibilities for further investi- 
gations: (1) As sample No. 4 was more 
finely divided than the others, toxicity of 


sulfur as a stomach insecticide may be 
related to particle size, (2) amorphous 
sulfur, insoluble in carbon disulfide, may 
be inherently more toxic than crystalline 
sulfur, soluble in carbon disulfide, (3) the 
amorphous sulfur may contain unidenti- 
fied impurities that are responsible for its 
toxic effect. 

SumMaAryY.- In laboratory tests of com- 
mercial powdered sulfur applied as a spray 
or dust to foliage and ingested by last 
instar larvae of several species of leaf- 
eating insects, it was found that sufur 
may be lethal to the southern armyworm, 
the variegated cutworm, and the fall 
armyworm. It was not toxic at high doses 
to the catalpa sphinx, the salt marsh 
caterpillar, the fall webworm, the Mexican 
bean beetle and the Colorado potato 
beetle. 

Because the southern armyworm was 
the most susceptible to commercial sulfur 
of all species used, most of the tests were 
made with this species. Lethal doses pro- 
duced characteristic symptoms within a 
few hours; @.e., inactivation, constipation 
and regurgitation followed after death by 
blackening of part of the body, which 
remained turgid. 

The toxie action of commercial sulfur 
as a stomach insecticide is not understood. 
A few tests on special fractions of sulfur 
against the southern armyworm, sug- 
gested the desirability of further investi- 
gations on relations among particle size, 
allotropic form and toxicity of pure sulfur. 

o-SL-41. 
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Phe Eastern Branch of the American Association 
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Visiting entomologists will receive a cordial wel- 
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The Relative ‘Toxicity of Some 2.1-Dinitro-6-R-Phenols' 


J | Kv a ( nirvers fy ot Ca forn 


In studies of numerous nitrated phe- 
nols, it ‘has become apparent that the 
2,4-dinitro-6-alkylphenols and cycloalkyl- 
phenols possess relatively higher toxicity 
to insects and mites than some of their 
closely related isomers. Because of the 
practical significance to cconomic ento- 
mology of several of these nitrated phe- 
nols, it has been considered worth while to 
present certain information concerning 
the relative toxicity of some members of 
this group of compounds to insects and 
mites. 

The number of possible 2,4-dinitro-6 
R-phenols Is, of COUTSCe, theoretically un 
limited; therefore only compounds of par 
ticular interest will be discussed, namely, 
those having the general structural for 
mula 


OH 


NO 
2 


NO, 


in Which R represents a hydrogen or cer 
tain alkyl or alicyclic groups. The 2,4 
dinitro-6-arylphenols, such as 2,4-dinitro- 
6-phenylphenol, have not been shown to 


POSSESS appreciable toxicity. to insects 
Kagy 1936). 
LivERATURI Some of these 2,4-di 


nitro-6-R-phenols have been known to 
economic entomology since 1892, when a 
mixture containing potassium $,5-dinitro 
o-cresylate was marketed as an insecti 


cide The original workers in Germany 
were probably aware that 3,5-dinitro-o 
eresol (2,4-dinitro-6-methylphenol) was 
more toxic to insects than 2,4-dinitro 


phenol, inasmuch as the latter was well 
known at that time. However, Tatters- 
field et al. (1925). 1 phis 
rumicis L. and with eggs of Selenia tetra- 


in studies with 


I \ ‘ I ( ( | 
Stati Riverside, ¢ 
RK i he I ' I = 
( Pat N 0 KB | N “ 


a Citrus 


Er per ment Stat my R 


lunaria Hufn., were apparently the first 
to record quantitatively that 3,5-dinitro- 
o-cresol was more toxic than 2,4-dinitro- 
phenol. 

Kagy 1936) determined that the lead 
salt of 2,4-dinitro-6 evclohexy Iphenol Was 
more toxic as a stomach potson to the corn 
ear worm, Heliothis armigera (Hbn.), than 
the lead salt of 3.5-dinitro-o-cresol. Shaw 
& Steer (1938) made a comprehensive 
study of the relative toxicity of 2,4- 
dinitrophenol and 3,5-dinitro-o-cresol, in 
the laboratory and field, to eggs of several 
species of Thev confirmed the 
findings of Tattersfield ef al. (1925): that 
$.5-dinitro-o-cresol was much more toxie 


insects 


than 2,4-dinitrophenol to imsect eggs. 
Bushland (1940), in toxicity studies with 
voung screwworms, Cochliomyia ameri- 
cana ©. and P., determined that 2,4-di- 


nitrophenol and its sodium salt were less 
toxic than and its 
sodium salt. Bushland reported that 3,5- 
2. 4-dinitro-6-evelo- 
hexviphenol were in a minimum lethal 
concentration range of O.OL to 0.03) per 
eent and noted that 2,4-dinitro-6-cyelo- 
hexvlphenol was not tested below 0.08 


$.5-dinitro-o-cresol 


dinitro-o-cresol and 


per cent. 

In a laboratory study of the effective- 
ness of various materials on the 
house thrips, Heliothrips haemorrhoidalis 
Bouché), Bartlett & 
direct comparison between 
6 evclohexvi phenol and 
sol against the eyvus of this species 


yreen- 


Persing’ made a 
2.4-dinitro- 
8 5-dinitro-o-ere- 
The 
compounds were dissolved in a highly re- 
fined light-medium petroleum oil which 
was emulsified in a spray at a concentra- 
tion of 0.5 per cent The spray which con- 
tained 2,4-dinitro-6 eve lolve X\ I pohne nolata 
concentration of 0.5 per cent hy weight of 
the oil gave a net mortality of OFT per 
In contrast, the which con- 
$.5-dinitro-o-cresol ata 


cent. 
tained 
tration of 1 per cent by weight of the ol 
afforded a net mortality of zero 


spray 


eoneen 


This resume of the literature is not ex- 
haustive, only those papers in which there 
has been a quantitative estimation of the 


toxicity differences of this class of nitrated 


i] DU abv 1) ‘ | 
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phenols having been reviewed. Of interest 
is the fact that previous workers in tests 
with many species of insects agree that 
3.5-dinitro-o-cresol is more toxic than 
2.4-dinitrophenol. 

PuysicAL AND CHEMICAL PROPERTIES 
oF THE CompouNbs.—~-The organic chemi- 
cals considered in this paper are too 
numerous to allow a comprehensive dis- 
cussion of their physical and chemical 
properties. Furthermore, this information, 
together with methods of synthesis is 
readily available in the chemical and 
patent literature.’ 

In general, the chemistry of the 2,4- 
dinitro-6-R-phenols is very similar, par- 
ticularly among the homologues, but the 
physical properties vary considerably. At 
20° C., some of the phenols are pale- 
yellow ery stalline solids; others are amber- 
colored viscous oils, which, with slight im- 
purities, may be reddish brown. 

The important physical and chemical 
properties of 2,4-dinitro-6-cyclohexylphe- 
nol have been discussed by Bovee et al. 
1939a) in relation to the control of certain 
insects and mites. Much of the material 
presented in that paper may be applied as 
relevant in a general way to the series of 
2,4-dinitro-6-R-phenols. It) should — be 
pointed out, however, that even minor 
variations in the physical and chemical 
properties of members of this class of 
compounds are factors limiting their use 
fulness as insecticides. At the present time 
many of these phenols are chemical curi 
osities and of academic interest’ only. 
Since these organic chemicals? melted or 
boiled within a narrow range of tempera 
tures, they were reasonably pure. 

STUDIES WITH THE COMPOUNDS AS 
Sromacn Poisons ror INsEcTs. Data 
on the toxicity of these phenols as stomach 
poisons for insects are presented. The 
values were determined by the sandwich 
method Campbell & Filmer 1929; Stell- 
waag 1931), but the technique used and 
the procedure followed were suggested 
by Hansberry & Richardson (1936). 

The sandwich method requires that the 


1 United States Patents Nos. 1.880.404 and 2.048.168 


All organic chemicals mnsidered 









is with e exception of rote 
none, were prepared in the Organic Research Laboratories of 
The Dow Chemix il Company, Midland, Micl uw 
These studies were conducted under the dire I C.H 
Richardson at lowa State College, Ames, Lowa. Cass F. Smith, 
Iu ochran, N. P. Larson, and Charles Apple, assisted at 
intervals during the vears 1934 to 1937, and the sluable aid is 
acknowledged. The project was carnmed out under the auspices 
of the Crop Protection Institute, with funds provided by TI 


Dow Chemical Company of Midland, Mic 
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chemical be applied to single-leaf dises in 
the form of a dust. Whenever possible, the 
unadulterated chemical was employed. 
Many of the compounds, however, were 
such that they could not be readily 
dusted; and many were so toxic that 
measurable lethal deposits could not be 
accurately ascertained without first dis- 
persing the compound in an appropriate 
diluent. A good grade of calcined diatoma- 
ceous earth was a satisfactory diluent. 

The compounds were mixed with this 
diluent at ratios dependent upon their 
physical properties and toxicities. The 
liquid compounds were uniformly dis- 
persed in the diluent. The crystalline 
solids were mechanically mixed with the 
diluent and carefully heated, with con- 
stant mixing, to the melting point of the 
compound. The mixture was subsequently 
allowed to cool and then comminuted. 

All insect larvae used in these tests were 
of the fifth instar. Previous workers em- 
ployving the silkworm, Bombyx mori L., as 
a test insect have used fourth-instar 
larvae. But many of the phenolic com- 
pounds are rather repellent, and fourth- 
instar larvae of this insect frequently 
cause considerable trouble and prefer to 
molt prematurely rather than consume 
the poisoned leaf dise. The use of fifth- 
instar larvae approximately 24 hours after 
the molt overcame this difficulty to some 
extent, the more mature larvae being so 
much more ravenous. Also, a more accu- 
rate determination of the dosage per unit 
weight was made possible by the use of the 
heavier larvae. Determination of the 
median lethal doses of acid lead arsenate, 
rotenone, and 2,4-dinitro-6-cyclohexyl- 
phenol to both fourth- and _ fifth-instar 
silkworms did not reveal a real difference 
in susceptibility. 

The relative toxicity to the silkworm of 
some 2,4-dinitro-6-R-phenols was deter- 
mined. A summary of the data is pre- 
sented in table 1. Each dosage range of 
the intermediate zone is delimited by the 
lowest lethal and highest nonlethal dose. 
Values for the median lethal doses, with 
which there is an equal chance for death 
and recovery, are also recorded. 

There is a progressive increase in tox- 
icity of the 2,4-dinitro-6-alkylphenols with 
an increase in the length of the normal 
alkyl chain up to six and seven carbon 
atoms. Both 2,4-dinitro-6-n-hexylphenol 
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and 2,4-dinitro-6-n-heptylphenol were 
more toxic than the lower members of the 
member of 
the series, 3,5-dinitro-o-cresol (2,4-dinitro- 
6-methylphenol), the least toxic. 
Since there ts very little overlapping of the 
intermediate zone ranges, the differences 
among the values for the median lethal 
doses are highly significant. An increase 


homologous series. The first 


was 


Table 1.—The relative toxicity of some 2,4- 
dinitro-6-R-phenols to fifth-instar larvae of the 
silkworm, Bombyx mori L. 





Doma 
Ran , Mer AN 
Is MEDIA Lernal 
Zon Cer 
COMPOUSN M grams per Gram of Lar 
Acid lead arsenate 0.060 0.119 Oo O90 
Rotenone 0 002 0.004 Oo. OO8 
+. 5-Dinitro cresel 
2, 4-dinitro-6-met! pher 0 O80 Oo O72 0.049 
2.4-Dinitro-6-et hylphe 0.017-0.05 0 09 
2 4-Dinitro-¢ propyl 0.011 0.027 0.018 
2. 4-Dinitro-6 butviphen 0.008 0.011 0. 009 
2 4-Dinitro-6 pentyly | 0 007-0 009 0 008 
2. 4-Dinitro-6 exvipher 0. 005-0. 006 0.004 
2.4-Dir 6-n-heptyiphene 0. 003-0. 005 0.004 
2? 4-Dinitro-6-n-oct Iphenel 0 oo7 0.014 ool) 
2 4-Dinitro-6-« lopentyipt 0. OO7 O.O1e Oo. ooo 
2, 4-Dinitro-6-cvclohex Ipher 0. 004-0 012 Oo. oo7 
Dinitrothymo > t-dinit 
methy!-6-c% propyl pher 0. 028-0. 0461 0 O8 





in carbon atoms above seven in the alkyl 
chain resulted in a decrease of toxicity: 
2,4-dinitro-6-n-octylphenol was less toxic 
than 2,4-dinitro-6-n-heptvlphenol and was 
about equal in toxicity to 2,4-dinitro-6- 
n-butylphenol. 

Among the 2,4-dinitro-6-cycloalkylphe- 
nols studied were 2,4-dinitro-6-cyclohexyl- 
phenol and 2,4-dinitro-6-cyclopentylphe 
nol. 2,4-Dinitro-6-cyclohexylphenol was 
less toxic to the silkworm than 2,4-dinitro- 
6-n-hexylphenol or 2,4-dinitro-6-n-hepty 
phenol, but was a little more toxie than 
some other members of the homologous 
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series of dinitro-6-alkylphenols. The 2,4 
dinitro-6-cyclohexylphenol was more toxie 
to the silkworm than its homologue, 2.4- 
dinitro-6-cyclopentylphenol. This same 
relationship of toxicity holds for larvae of 
the Colorado potato beetle, Le ptinotarsa 
decemlineata (Say), and for larvae of the 
painted lady, Cynthia ceardui (L.) (table 
2). It is of academic interest to note that 
dinitrothymol (2,4-dinitro-3-methyl-6-iso- 
propylphenol), in spite of the additional 
alkyl group on the benzene ring, was 
about as toxic to the silkworm as 2.4. 
dinitro-6-ethylphenol, but was less toxic 
than 2,4-dinitro-6-n-propylphenol. 

All the 2,4-dinitro-6-alkylphenols and 
eveloalkylphenols are more toxic to the 
silkworm than acid lead arsenate but less 
The two dinitro- 

more toxic than 


toxic than rotenone 

ceveloalkvlphenols were 
acid lead arsenate to larvae of the Colo- 
rado potato beetle and Cynthia cardui, 
On the other hand, the two nitrated phe- 
nols were toxic than rotenone to 
larvae of the potato beetle and were more 
. cardur. 


less 


toxic than rotenone to larvae of ¢ 
\ further discussion of the relative tox- 
icity of — 2,4-dinitro-6-cvclohexylphenol 
and several well-known stomach poisons 
to several species of lepidopterous larvae 
may be found in papers by Kagy (1936 
and by Hansberry & Richardson (1936). 


SPEED OF Toxtc AcTION. Since the 
sikworm larvae were not continuously 
observed for death, survival-time data 


corresponding to each dosage of the many 
compounds administered orally to these 
insects were estimated. The quantity of 
these data for any one compound was in 
most instances too meager for statistical 
treatment. The data available on 2,4- 


dinitro-6 cevclohexyl phe nol were ade- 


Table 2.—Median lethal doses of some compounds determined on fifth-instar larvae of the painted 
lady, Cynthia cardui (L.), and of the Colorado potato beetle, Leptinotarsa decemlineata (Say). 





Covorapo Potato Berti Paistep Lapy 
Dosage Rang ot Median Lethal Dosage Range of Median Lethal 
COMPOUND Intermediate Zone Daose Intermediate Zone Dvr 
In Milligrams per (sram of Larva 

Acid lead arsenate 0.055 0.115 0 080 oO. 140-0.190 0 160 

Rotenone 0 O01 0.004 oO 0 O21 O.072 Ooose 
2,4-Dinitro-6 

cyclohexylphenol 0. 007-0.025 0.016 0 O14 0.080 0 020 
2,4-Dinitro-6 

cyclopentylphenol 0015-0080 0.02] 0. 039-0.077 0.050 

0 29 


Dinitro-a-naphthol 





Tests made during ' 935, or ] 
Determined by Hansberry & Richardsot 1986 
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quate, however, because hundreds of 
larvae were fed doses of the compound. 
Mean survival-time data for a series of 
dosage-range groups have been entered in 
table 3. 

The mathematical relation between 
dosage and survival-time data is recog- 
nized as hyperbolic in character. It was 
assumed, therefore, that a hyperbolic 
function of the equilateral type in accord- 
ance with the equation «2y=k, where x is 
the dosage, y is the survival time, and k 
is a constant, would apply. Within each 
dosage range (Table 3) a sum of products 
of the two variables was computed. The 
mean for the products has been entered 
in table 3 as the statistic /-, and is referred 
to as the toxicity constant. The & values 
for the dosage ranges vary, those for the 
extreme ranges being larger than those for 
the midranges. Statistical analysis shows 
that for the midranges in the region of the 
vertex, the toxicity constants 0.058, 0.067, 
and 0.062 are alike, but that these differ 
significantly from the constants for the 


Table 3.—The toxicity of 2,4-dinitro-6-cyclo- 
hexylphenol to fifth-instar larvae of the silk- 
worm, Bombyx mori L., and the relation between 
dosage and survival time. 





Dosaat Miran Meas 
RANGct Dosac S“URVIVAI 
Time, Poxrerry 
Milligrams per Gran CONSTANT, 
f Larva Ile s 

0.04000 100 0 056 ir: 0. 104 
0 080-0 039 0 O85 1.638 0 058 
0.020 -0 (029 Oo. 025 » 76 0. O67 
O.010-0 (019 i ol + SJ 0 O62 
0 004-0 0090 oO O07 14+ 20 0. 106 





extremes of the ranges. Over the entire 
dosage range a hyperbolic equation can- 
not hold. For the mid-ranges an equation 
does apply, and this has been calculated 
to be ry = 0.068. 

The dosage-time-survival curve for 2,4- 
dinitro-6-cyelohexylphenol, and the hy- 
perbolic equation are plotted in figure 1. 
The reasons why the equation does not 
hold at higher dosages and survival times 
are apparent, inasmuch as high lethal 
doses of the poison do not produce death 
in a correspondingly short time, and low 
lethal doses tend to cause larvae to linger 
moribund beyond the normal time for ex- 
pectaney of death. Richardson & Seiferle 
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1939) have shown in experiments with 
the two-striped grasshopper, Melanoplus 
bivittatus (Say), that the dosage-time- 
survival curves for several poisons flat- 
tened at high dosages because survival 
time tended to become independent of 
dosage. 

Curves showing the speed of toxic 
action for 2,4-dinitro-6-methylphenol and 
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Fig. 1. Curves showing the toxicity of some 2, 
t-dinitro-6-R-phenols to fifth-instar silkworm larvae 
and the relation between dosage and survival time. 


2,4-dinitro-6-n-octylphenol are shown in 
figure 1. These curves are mathematically 
similar to that for 2,4-dinitro-6-cyclo- 
hexyvlphenol, and the positions of their 
vertexes correspond to their relative tox- 
icities to the silkworm. The dosage at the 
vertex of each curve might be termed the 
true lethal dosage, because at lower dos- 
age values, the curve is moving in the 
direction of survival for the normal span 
of the insect’s life. 
Revative Toxicity in PetTroLeum- 
Qin SoiutTions..-Kagy & Richardson 
1936) published data and curves on the 
toxicity of petroleum-oil solutions of 2,4- 
dinitro-6-cyclohexylphenol to the San 
Jose seale, .Aspidiotus perniciosus Com- 
stock, and to eggs of Lygaeus kalmii Stal. 
Utilizing the exact methods of this work, 
toxicological data and curves! were ob- 
tained for 3%,5-dinitro-o-cresol and 2,4- 
dinitrophenol in studies with eggs of L. 
hralmit. 
The data and curves are taken from an unpublished report 
f March 22, 1935, by J. F. Kagy. The manuscript is on file 
with the Crop Protection Institute, Durham, New Hampshire 
Phe study was conducted at lowa State College under the direc- 


tion of C. H. Richardson. Cass F. Smith assisted in this phase of 


the investigation 
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In table 4, data for the ovicidal experi- 
ments with petroleum-oil solutions of 3,5- 
dinitro-o-cresol = and 2,4-dinitrophenol 
have been summarized. The data for the 
net mortalities, as given in table 4, were 
plotted against their respective concen- 
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Fic. 2.—Relative toxicity of solutions of some ni 
trated phenols in petroleum oil to eyvys f ] 
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trations in percentage of the nitrated phe- 
nol dissolved in the oil phase of the emul- 
sions. The resultant curves are illustrated 
in figure 2, together with curve for 2,4- 
nitro-6-cyclohexylphenol, as published by 
Kagy & Richardson (1936). From these 


Table 4.—Relative toxicity of emulsified pe- 
troleum-oil' solutions of 2,4-dinitrophenol and 
3,5-dinitro-o-cresol to eggs of Lygaeus kalmii 
Stal. 
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data and curves it is evident that petro- 
leum-oil solutions of 2,4-dinitrophenol are 
much less toxie (about one-fourth) than 
either 2,4-dinitro-6-cyclohexylphenol | or 
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$,5-dinitro-o-cresol. Statistical analysis of 
the data for 3,5-dinitro-o-cresol rs, 2,4- 
dinitro-6-cyclohexylphenol has not re- 
vealed a significant difference in toxicity 
to the insect eggs. 

The results of toxicity experiment s with 
oil solutions of 3,5-dinitro-o-cresol applied 
as emulsions to San Jose seale are sum- 
marized in table 5. The net mortalities of 
the compound and of petroleum oil were 
plotted against their respective concen- 
trations in percentage of the phenol dis- 
solved in the oil phase of the emulsion. 
The curve its illustrated in figure 3, and a 
curve for 2,4-dinitro-6-cyclohexylphenol, 


Table 5.—Relative toxicity of emulsified pe- 
troleum-oil' solutions of 3,5-dinitro-o-cresol to 
the San Jose scale, Aspidiotus perniciosus Com- 
stock. 
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published by Kagy & Richardson (1936), 
has been included. The curves show that 
the oil solutions of 3,5-dinitro-o-cresol are 
less toxic to San Jose than the oil 
solutions of 2,4-dinitro-6-cyvclohexyvlphe- 
nol. The difference in toxieity IS undoubt- 
edly significant 


scale 
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hig. 3 Relative toxicity of solutions of 2,4-dinitro- 
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The toxicities of 2,4-dinitro-6-cyclo- 
hexylphenol, 3,5-dinitro-o-cresol and 2,4- 
dinitrophenol in petroleum-oil solutions 
have been compared in limited and some- 
what inconclusive studies with several 
other species of insects including imma 
ture larvae of the codling moth, Carpo- 
capsa pomonella LL. and of the adult bean 
aphid, Aphis rum icis. The oil solutions of 
2.4-dinitro-6-cyclohexylphenol were un- 
questionably more toxic than oil solutions 
of the other phenols. 

Certain mixtures of petroleum oil with 
the nitrated phenols 2, 4-dinitro 6-cyclo- 
hexylphenol, 3.5-dinitro-o-cresol, and 2,4- 
dinitrophenol’ have been tested rather 
extensively by many workers in the field 
and on many species of insects that are 
possible to control with dormant sprays. 
The proprietary mixtures employed have 
not been comparable; consequently, little 
can be concluded concerning an exact 
picture of the relative effectiveness of 
these nitrated phenols in oil solutions ap- 
plied under field conditions. When em- 
ployed in certain mixtures and under cer- 
tain conditions, both 2,4-dinitro-6-cyclo- 
hexvlphenol and 3,5-dinitro-o-cresol in 
petroleum oil combinations have proved 
effective as dormant sprays. 

Nitratep PHenots ix Dust Mrix- 
rURES. Bovee et al. 1939b reported 
that 2,4-dinitro-6-cvelohexylphenol, when 
dispersed on certain inert diluents at the 
rate of 1.0 per cent, was very effective as 
a dust for the control of several species of 
mites on citrus and Persian walnuts. A de 
tailed account of the methods of prepara 
tion, toxicity , effectiveness, and utility of 
this dust, known commercially as DN- 
Dust? was disclosed. It that 
the lethal deposit of the chemical applied 
Ina | per cent dust mixture with walnut 
shell flour to the citrus red mite, Para- 


was found 


tetranychus citri (MeG.), was about 0.4 
microgram per square centimeter. By 
means of the same toxicological pro 


cedures, lethal deposits of several closely 
related nitrated phenols have been deter 
mined for the mite. 

The most vigorous adult female mites 
were selected from fruit collected from 
scattered field infestations. These mites 
were systematically transferred to the 
surfaces of the dusted fruits of each treat- 
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ment. Mortality determinations were 
made at intervals of 24 hours, over a pe- 
riod of 72 hours. 

Because of the wide variation in the 
vitality and susceptibility of mite popu- 
lations in the field, and because of the 
failure to rear successive generations of 
uniformly reactive mites under laboratory 
conditions, it was imperative that the 
toxicity experiments be so designed that 
each of the comparisons of the effect of the 


Table 6.—Approximate deposits of some ni- 
trated phenols in walnut-shell flour dust mix- 
tures lethal to the adult female citrus red mite, 
Paratetranychus citri (McG.). 





Letua. Deposit or 
COMPOUND, IN 
MicROGRAMS PER 
SQUARE 
COMPOUND CENTIMETER 


, +-Dinitro-6-cyclohexylphenol 0.40 


0 

2,4-Dinitro-6-ethy!phenol 1.20 

$,5-Dinitro-o-cresol 
(2,4-dinitro-6-methylpheno! 1.80 

2,4-Dinitrophenol 3.10 

Dinitro-a-naphthol > 3.40 





chemicals be made on the same mite popu- 
lations. The effects of the phenols on the 
mites were not influenced materially by 
population variance, because of the 
multiple-pairing type of design. 

The deposits of the chemicals per unit 
area of fruit surface were determined by 
colorimetric analyses in which standard 
solutions of the sodium salts of the phe- 
nols were employed. The approximate 
values of the lethal deposits, that is, the 
amount of chemical per unit area neces- 
sary for perfect control, were estimated 
from net mortality-concentration curves. 
For each curve, approximately 6,000 
mites were used. The differences in tox- 
icity of the nitrated phenols were suffi- 
ciently large, and the ranges of the data 
were scattered so separately that statisti- 
cal treatment of the existent mean differ- 
ences was not essential. With the less toxic 
nitrated phenols, it was necessary to pre- 
pare 2 and 3 per cent dusts in order to 
deposit a sufficient quantity of the chemi- 
cal per unit area of fruit surface to give a 
measurable mortality of mites. The ap- 
proximate values for the lethal deposits 
are shown in table 6. 

It is evident from these data that 2,4- 
dinitro-6-eyvelohexvlphenol is | approxi- 
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mately three times more toxic than 2,4- 
dinitro-6-ethylphenol, about four times 
more toxic than 3,5-dinitro-o-cresol and 
about eight times more toxic than 2,4- 
dinitrophenol. Dinitro-a-naphthol was not 
measurably toxic to the citrus red mite. 

The laboratory method is a rather se- 
vere test, because the mites are not 
dusted directly. Dust mixtures of these 
nitrated phenols were therefore applied in 
the field for the control of the citrus red 
mite. It was found that the field results 
compared favorably with the laboratory 
findings. The phenols other than 2,4- 
dinitro-6-cyclohexylphenol showed very 
little promise in the control of the mite. 
Dinitro-o-cresol was of special interest 
because its potential use had been fre- 
quently suggested. Dust mixtures con- 
taining 2 per cent of the cresol were tested 
repeatedly in field plots adjacent to blocks 
treated with dusts containing 1 per cent 
2,4-dinitro-6-cyclohexylphenol. The initial 
mortality of mites and the residual effec- 
tiveness of 3,5-dinitro-o-cresol was inferior 
to =2,4-dinitro-6-cyclohexylphenol. — Di- 
nitro-o-cresol has a lower melting point 
86° C.), and the erystals of the phenol 
sublime more rapidly than 2,4-dinitro-6- 
eyclohexylphenol (M.P. 106° C.). Where 
two timed applications of DN-Dust are 
necessary for lasting mite control, it was 
found that under the best conditions at 
least three applications of a 2 per cent 
3,5-dinitro-o-cresol dust would be re- 
quired. In situations where the mite popu- 
lations are on the downward trend of the 
population curve, some good results have 
been obtained with 3,5-dinitro-o-cresol; 
where the mite population curve is on the 
upward trend, erratic and generally un- 
satisfactory results followed. 

Discussion.—Owing to the large num- 
ber of insect species of economic impor- 
tance, it is difficult to draw broad con- 
clusions regarding the toxicity of any 
group of organic compounds. Specificity 
and wide variations in toxicity are to be 
expected, morphology and 
physiology among the systematic groups 
are so heterogeneous. Even among species 
of a genus, reports of wide variations in 
susceptibility to poisons have been noted 
in the literature. 

One characteristic of  2,4-dinitro-6- 
eyclohexylphenol is) very outstanding: 
This compound, with many of its inor- 


: 1 
since the 


ganic and organic salts in many composti- 
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tions, has been tested on numerous species 
of insects and mites, and no marked speei- 
ficity in toxicity to insects, such as has 
been reported of certain toxicants as, for 
example, phenothiazine and rotenone, has 
ever been noted. The lack of toxicity of 
the chemical in dust mixtures to adult 
aphids might be referred to as an excep- 
tion. Aqueous and petroleum-oil solutions 
are toxic to aphids, however. The phenol 
is toxic as a contact and stomach poison 
and in the gaseous state. It is of academic 
interest only to note that the vapors of the 
phenol have shown limited toxicity to the 
confused flour beetle, Tribolium confusum 
Duval, and to crawlers of the California 
red scale, onidiella aurantii (Mask.). The 
nitrated phenol is of economic importance 
as a contact poison in dormant sprays for 
the control of many species of insects and 
in dust mixtures for the control of mites 
and thrips. So far, no use for the com- 
pound or one of its salts as a stomach 
poison has been developed. There are 
many promising indications, however, 
which point to the possible development 
of certain less phytotoxic salts as stomach 
poisons. 

Of recent interest is the dicyclohexyl- 
amine salt of 2,4-dinitro-6-cyclohexylphe- 
nol. Like the other salts of the phenol, the 
dieyelohexylamine salt is very toxic as a 
stomach poison. At present, this salt is of 
economic importance in certain dust com- 
positions (Kagy & MeCall 1941; Boyce & 
Kagy 1941) which have value in the con- 
trol of mites and several species of thrips 
on a large number of agricultural crops. 

Other 2,4-dinitro-6-R-phenols — have 
been studied in a manner similar to that 
used in the study of 2,4-dinitro-6-cyelo- 
hexylphenol, but to a much more limited 
extent. Many of the most toxie com- 
pounds, such as 2,4-dinitro-6-n-hexylphe- 
nol and — 2,4-dinitro-6-n-heptylphenol, 
have been of academic interest; and the 
lower series members, such as 2,4-dinitro- 
phenol and 3,5-dinitro-o-cresol, have not 
proved adequately toxic in) many in- 
stances. 

Since it was first used as an insecticide, 
in 1892, 3,5-dinitro-o-cresol has had 
limited commercial use for the control of 
insects on dormant trees in Europe and 
for the control of grasshoppers in Africa 
and in certain South American countries. 
In this country, until 1936, the chemical 
had been tested and generally disearded 
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by many entomologists, as reported in 
published and unpublished work. The de- 
velopment of petroleum-oil solutions of 
2,4-dinitro-6-cyclohexylphenol for dor- 
mant sprays has stimulated new interest 
in 3.5-dinitro-o-cresol, and certain insecti- 
cidal compositions have been employed 
to a greater extent commercially in the 
last several vears. 

The first member of the series of 2,4- 
dinitro-6 R-phenols is, essentially, 3,5- 
dinitro-o-cresol (2,4-dinitro-6-methylphe- 
nol). The initial members of such series 
are expected to behave peculiarly in their 
toxic properties as well as in their physical 
and chemical properties, and the toxicity 
of this nitrated cresol, among diversified 
groups of and mites, has 
accordingly erratic and generally unpre- 
dictable. In certain 
example, in the ovicidal studies with eggs 
of Lygae us kalmii, the toxicity of the com- 
pound was at least equal to the toxicity 
of 2,4-dinitro-6-cyclohexylphenol. In the 
other studies with the compounds as toxi- 
eants in oil, as stomach poisons, and as 
acaricides in dust mixtures, 3,5-dinitro-o- 
cresol was definitely less toxic than 2,4- 
dinitro-6-cyclohexylphenol, and in’ the 
normal order expected in relation to the 
toxicity of other members of the series. 

Among heterogeneous = groups — and 
classes of organic compounds no general 
relation of structure to insect toxicity has 
been determined. In the literature, how- 
ever, many relationships of structure to 
toxicity among homologues, analogues, 
position and have 
pointed out. There appear to be some 
definite toxicological relationships — of 
structure among members of this group of 
2,4-dititro-6-R-phenols. 

PuyrocipaL Action oF THE Com- 
poUNDS. Published information concern- 
ing the relative phytocidal action of mem- 
hers of this group of compounds is almost 
entirely lacking. Proprietary mixtures 
containing certain of these chemicals are 
quite different, and there is, as a conse- 
quence, much conflicting information. 
There appear to be some interesting inci- 
dences of specificity of action on certain 
families and genera of plants. When 
properly compounded in insecticidal mix- 
tures, these chemicals and their salts can 
be employed with safety on most plants, 
at the same time controlling certain in- 
sects and mites. The field of investigation 


insects been 


instances, as, for 


stereo-isomers been 
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is essentially virgin, and with the con- 
tinued use of these chemicals in economic 
entomology, much valuable information 
will be forthcoming. 

Revative Toxiciry to Man.—,4- 
Dinitrophenol is well known to medical 
science because of its use as a_ potent 
metabolic stimulant. Tainter & Cutting 
(1933) studied the chronic toxicity of 2,4- 
dinitrophenol and ascribed cataract for- 
mation to the repeated ingestion of the 
drug. Tainter et al. (1935) pointed out 
that its use might cause undesirable side 
actions, such as skin rashes, peripheral 
neuritis, and agranulocytosis. Dodds et al. 
1933, 1934) suggested the use of 3,5- 
dinitro-o-cresol because they found the 
drug to be about five times more active 
in man than 2,4-dinitrophenol. 

Heymans & Casier (1935) studied the 
pharmacological action of 2,4-dinitrophe- 
nol, 3,5-dinitro-o-cresol, 2,4-dinitro-6-cy- 
clopentylphenol, and 2,4-dinitro-6-cyclo- 
hexvlphenol on pigeons. Tainter et al. 
1935), using different methods, studied 
the action of the drugs in pigeons, rats, 
and dogs. The limited number of tests 
with the compounds administered to 
laboratory animals were either contra- 
dictory or indicated insignificant differ- 
ences. Tainter et al. pointed out that the 
toxic side actions with humans could not 
be ascertained with tests on laboratory 
animals. They agreed with Heymans & 
Casier (1935) that the cyclic derivatives 
would not stimulate human metabolism. 

Pastac (1937) reviewed the clinical evi- 
dence and pharmacological background of 
2,4-dinitrophenol and 3,5-dinitro-o-cresol 
and noted that many accidental deaths 
have been caused by 2,4-dinitrophenol 
and 3,5-dinitro-o-cresol. Because of the 
increasing significance of 2,4-dinitro-6- 
cyclohexylphenol as an __ insecticide, 
Hrenotf & Leake (1939) reported on the 
toxicity of the compound to three species 
of mammals and concluded that there was 
no public health hazard. For workmen 
handling the chemical, they suggested 
certain precautions based upon general 
information of the pharmacology and 
toxicology of the nitrated phenols. 

Boyce et al. (1939a) reviewed the phar- 
macological background of 2,4-dinitro-6- 
cyclohexylphenol and stressed the fact 
that the compound was toxic¢ only in com- 
paratively large doses and that in records 
of many individuals working with the 
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chemical over periods of several years, no 
toxic symptoms attributed to 2,4-dinitro- 
phenol and 3,5-dinitro-o-cresol had been 
reported. 

It appears, therefore, that 2,4-dinitro 
6-cyclohexylphenol and = 2,4-dinitro-6-cy- 
clopentylphenol are worthless as metabol- 
ic stimulants in man. It is of interest to 
note that the apparent order of toxicity 
of the 2,4-dinitro-6-R-phenols to humans 
Is possibly in the reverse order of that to 
insects and mites. This relationship of 
toxicity has been responsible, in part, for 
the commercial development of 2,4-dini- 
tro-6-cyclohexylphenol as an insecticide. 

SUMMARY. —An investigation concerned 
with the relative toxicity to several species 
of insects and mites of some 2,4-dinitro- 
6-R-phenols in which R represents a hy- 
drogen or certain alkyl or alicyelic groups 
is reported. 

The chemistry of the 2,4-dinitro-6-R 
phenols is very similar, but the physical 
properties vary considerably. From = a 
résumé of the literature and from the 
additional data presented, it can be rather 
definitely concluded that 2,4-dinitrophe 
nol is considerably less toxic to insects and 
mites than 2,4-cdi- 
nitro-6-methylphenol). 

In the study of the compounds as 
stomach poisons, some relations of strue- 
ture to toxicity are pointed out. An in 
crease in the length of the normal alkyl 
chain up to 6 or 7 carbon atoms resulted 


3,5-dinitro-o-cresol 


in a progressive increase in toxicity of the 
compounds to the silkworm, Bombyx mori 
L. The 2,4-dinitro-6-n-octylphenol 
less toxic than either 2,4-dinitro-6-n-hep 
tylphenol or 2,4-dinitro-6-n-hexylphenol. 
This evidence indicated a further decrease 


Was 


in toxicity with an increase in length of 
the alkyl chain beyond 8 carbon atoms. 
The n-hexyl and the n-heptyl derivatives, 
the toxic compounds 
about times more 
toxie than 3$,5-dinitro-o-cresol, which is 
the initial member of the series. The 2,4 
dinitro-6-cycloalkylphenols were less toxie 
than their respective analogues, although 
the difference was not numerically large. 
The 2,4-dinitro-6-cyclohexvlphenol was 
about seven times more toxic to the silk- 
worm than 3$,5-dinitro-o-cresol. All the 
2,4-dinitro-6-R-phenols were more toxic 
to the silkworm than acid lead arsenate, 
but were less toxic than 
2,4-dinitro-6-cyclohexylphenol was more 


most 
twels Se 


which were 
tested, were 
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toxic than 2,4-dinitro-6-cyclopentylphe- 
nol to larvae of Cynthia cardui (L.) and to 
larvae of the Colorado potato beetle, 
Leptinotarsa decemlineata (Say). 
Petrol!eum-oil solutions of 2,4-dinitro-6- 
cevyclohexylphenol were more toxic than 
petroleum-oil solutions of 3,5-dinitro-o- 
cresol to the San Jose seale, 1s pidiotus 
pernisciosus Comstock, to the bean aphid, 
I phis rumicis L., and to newly hatched 
larvae of the codling moth, Carpocapsa 
pomonella L.. The petroleum-oil solutions 
of the two compounds were not. signifi- 
cantly different, however, in their toxicity 
to eggs of Lygae us kalmii Stal. Petroleum- 
oil solutions of 2,4 dinitrophenol 
much less toxie to eggs of L. kalmii than 
the solutions of S00 dinitro 0 cresol or 
2,4-dinitro-6-cvclohexylphenol. 
COTLCE rned 


were 


An investigation with the 
toxicity of some 2,4-dinitro-6-R-phenols in 
dust mixtures for the control of the citrus 
red mite. Paratetranychus citri (MeG.). is 
also reported. It was found hy the deter- 
mination of lethal deposits on fruit sur- 
faces that 2,4-dinitro-6-evelohexvl phenol 
was about three times more toxic than 2,4- 
dinitro-6-ethylphenol, about four times 
more toxic than 3,5-dinitro-o-cresol, and 
about eight times more toxie than 2,4- 
dinitrophenol. Dinitro-a-naphthol was not 
measurably toxic to the citrus red mite. 
These laboratory results were confirmed 
hy field studies. 

The lack of marked specificity of toxic 
2,4-dinitro-6-cvelohexvi phenol 
Because 


action of 
to imsects is) discussed $.5-cdi- 
nitro-o-cresol is, essentially, the first mem- 
ber of the series of 2,4-dinitro-6-R phe- 
nols, the chemical can be « xpected to be- 
have peculiarly in its toxic properticsamong 
diversified groups of insects and mites. 


Certain literature relative to the phar- 


macology and toxicologs of the 2,4- 
dinitro-6-R-phenols is) reviewed. From 


present information if that the 
order of toxicity of the compounds to 
humans is possibly Ith thre reverse order of 


appears 


that of these compounds to insects and 


mites.’ 
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VMiexiean Bean Breetree IN SoutH Dakota 
The Nik vican bent heetle, / lachna rarivest 


Mulsat has been found doing a limited amount of 


damave to garden beans nu Spearfish, South Dakota 
his is the first known reeord of this insect in this 
Phe beetles and their larvae were found in August 

vy damage to about fifteen bean plants im om 
dof a small bean pateh located in the north east 


dge of Spearfish. County agent Ivan V. Fluharty 
is unable t locate any other infestations in the 
nity. Control measures were immediately applied 
the field infested and a warning given in the 
Spears n Lawrence county, is on the northern 
due f the Black Hills about eight miles east of 


Wyoming and approximately midway between 
Nebraska and North Dakota, and is the location of 
a number of small farms where vegetables and small 
fruits are intensively grown 10-2-+4] 


N. FP LARSON, 
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(pplication of Commodity Treatments for the 
\lleviation of Quarantines 


LD. B. Mack 3 Bureau of Entomology and Plant Quarantine . 


(California State De partme nt of Agriculture * 


Commodity treatments for the allevia- 
tion of quarantines, like a number of other 
branches of economic entomology, seeks, 
by the use of formulae and technique of 
application, to effect the destruction of 
some form of insect life. They differ from 
the ordinary pest control efforts only in 
the degree of thoroughness required for 
their successful application, since the ob- 
jective is complete disinfestation of the 
commodity in order that no hazard of pest 
distribution may attach to its movement 

(As a prelude to a discussion of early day 
efforts in commodity treatments, a brief 
sketch of the conditions which occasioned 
these efforts may help in promoting a 
better understanding of the problem. 

The latter half of the nineteenth cen- 
tury witnessed a vast colonizing move 
ment. With it came an increasing ex- 
change of plants and plant products. Both 
individuals and governments engaged in 
the introduction of new plants from for- 
eign lands in order that the number and 
value of their crops might be increased. 

California, by reason of its geographical 
position and its mild climate, became the 
proving ground for many new kinds of 
plants, particularly oriental origin 

Too late it was found that some of these 
new introductions supported forms of in 
life that had become domiciled on 
them in their native land, that a 
number of these species, relieved of natu- 
ral checks in their new environment, had, 
figuratively speaking, bred and mustered. 

The impact of these new species on a 
new and promising horticultural industry 
not only caused grave concern to fruit 
growers but acted as a powerful stimulant 
to the science of economic entomology 
Karly workers in this field recognized not 
only the urgent need for insecticidal 
formulae to combat them, but also meas 
ures to prevent their spread. Both en 
tomologists and forward looking growers 


sect 


and 


became convinced of the necessity for se 
curing proper legislation. 

Unfortunately, though legislation was 
secured, much opposition was encountered 
to the regulations laid down for the dis 


Sacramento 


infestation of commodities and the horti- 
cultural officials who attempted to enforce 
them were taken into court and the law 
declared unconstitutional. 

Those commodities most in need of dis- 
infestation consisted of nursery stock and 
fruit, particularly the former. Insecticidal 
formulae available for such work was 
limited to hydroeyanic acid, carbon bi- 
sulphide and certain sprays of doubtful 
value. The properties of fumigants were 
not thoroughly understood. This lack of 
knowledge was reflected in the manner of 
their application. For example, no con- 
sideration was given to the effects of the 
commodity on the reactions of the fumi- 
gant. Questions of , temperature, load 
factor, the presence of moisture, to say 
nothing of the proper fumigation equip- 
ment, pre or post treatment 
know it, were simply not considered. Their 
application was left to most in- 
terested. No staff of trained entomologists 
was on hand to instruct them in proper 


care as Wwe 


those 


procedure 

In view of the influences 
attempts at early treatment have had on 
the subsequent attituct treat- 
ments, it is interesting to examine the 
causes which led to their failure. Broadly 
speaking, these can be generalized under 
two heads the first is limited formulae 
and technique, and the second is lack of 


which these 


towards 


proper organization to administer them. 

New introductions had hy this 
time increased to such numbers as to con- 
stitute a real menace and some, the grape 
phvlloxera, San Jose scale ‘ and other 
coceids, had already started their east- 
ward march. The Colorado potato beetle, 
though a native species, had forsaken its 
original host, the buffalo bur, and started 
eastward, being checked only by the At- 
lantic Ocean. The gypsy moth appeared 
only in the New England States. The boll 
weevil had crossed the Mexican border. 
Both the Mexican fruit fly and the Medi- 
terranean fruit flies were objects of grave 
coneern due to the receipt of infested 
fruit arriving at California ports 

As a result of this failure, the idea be- 


insect 
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came firmly implanted that the only way 
to prevent the advance of these undesir- 
ables was to prevent the movement of all 
carriers and hosts. In this manner the 
plant quarantine idea came into being. In 
their early application quarantines were 
purely state matters. The Federal Govern 
ment had not yet concerned itself with 
plant quarantines. In California, county 
quarantines prevailed. Under this system 
a veritable maze of state and even county 
quarantines were promulgated, each seek- 
ing to prevent the introduction or spread 
of some particular pest. 

The promulgation of a plant quarantine 
law by Congress relieved the pressure on 
the states, as the Federal Government 
took over a number of them, which con- 
tributed to uniformity. 

Among foreign insects most feared and 
against which embargo types of quaran- 
tines had been erected was the pink boll- 
worm of cotton, a native of India. It had 
spread to Egypt where it became a pest 
of major importance. It later appeared in 
Mexico, where it reduced the cotton crop 
from 15 to 50 per cent in districts where 
it became established. With the importa- 
tion of Mexican cotton, the hazard of its 
introduction into the continental United 
States was not beyond conjecture. It also 
posed a new question in the administra- 
tion of plant quarantines. The cotton 
spinning industry of the United States 
was of such magnitude that an embargo 
quarantine on cotton must necessarily 
produce serious repercussions and was, in 
fact, out of the question. 

At this time, two investigators of the 
United States Department of Agriculture 

L. A. Hawkins and E. R. Sasscer—were 
engaged in improving methods of treating 
seeds by utilizing a preliminary vacuum 
for the purpose of securing better penetra- 
tion. Their work had already, under 
limited conditions, demonstrated its ef- 
ficiency in securing penetration of the 
fumigant far beyond that achieved by at- 
mospheric fumigation and suggested a so- 
lution to this very vexing problem.Pre- 
liminary confirmed the previous 
belief and vacuum fumigation became an 
established procedure for treating cotton. 
Its extension to industrial practice became 
only a problem of mechanics. Thus, com- 
modity treatments became reinstated. 

Though probably little thought was 
given to it at the time, the industrial 


tests 
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application of vacuum fumigation to the 
treatment of baled cotton to destroy pink 
boll worm involved practically all of the 
factors necessary for success of a com- 
modity treatment to alleviate a quaran- 
tine. They are: 

(1). Agreat and immediate need backed 
by a powerful organization. 

(2). A treatment requiring capital in- 
vestment of sufficient amount to 
cause its centralization at specified 
points. 

3). Operation and upkeep of equip- 
ment, requiring mechanical and 
engineering ability to assure their 
proper operation. 

+). Equipment permitting installation 
of such accessories as recording 
gauges, thermographs, etc., reduc- 
ing the effects of human element 
toa minimum. 

5). The product to be treated 
livered only at specified points. 

The far-reaching effects attending the 

treatment of cotton had much to do with 
bringing about a change of perspective in 
regard to commodity treatments. Only a 
few years following the advent of vacuum 
fumigation, the source of origin of corn 
borer infestation was found to be in im- 
ported baled broom corn. While formulae 
completely lethal to pink bollworm were 
found to be unsuccessful in destroying 
the corn borer larvae in broom corn, it did 
not take long for specialists of the United 
States Bureau of Entomology and Plant 
Quarantine to determine that it would 
readily succumb to heat and that by a 
system of evacuating the air and inject- 
ing aquous vapor in the form of high pres- 
sure dry steam, all borer populations in 
the bales were destroyed. Again with the 
advent of the Mediterranean fruit fly in 
Florida, the implications of an embargo 
type of quarantine were so great that ex- 
perimental data on thermal treatment de- 
veloped previously in Mexico in connec- 
tion with the Mexican fruit fly were over- 
hauled and the utilization of hot vapor 
treatment inaugurated on a commercial 
scale. In this treatment the fruit was ex- 
posed to saturated water vapor at 110° 
I. for ten hours. A second thermal treat- 
ment involves the exposing of fruit to sub- 
atmospheric temperatures of 32° and 31° 
F. and exposure at these low temperatures 
for a week or more. Both of these forms 
have since become approved and are used 


de- 
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in the alleviation of plant quarantines, in- 
volving three different species of fruit 
flies, the Mediterranean, Mexican and 
melon flies. 

The discovery of the insecticidal value 
of methyl bromide opened the way for a 
new and direct approach to the applica- 
tion of commodity treatments to nursery 
stock, fruits and vegetables in connec- 
tion with the Japanese beetle, the oriental 
fruit moth and the white-fringed beetle. 
Its use is also authorized in connection 
with the treatments applied to fruit and 
vegetables to destroy both the Mediter- 
ranean and melon fruit flies, and numer- 
ous other insect species regulated by state 
quarantines. There is perhaps a greater 
diversity of products treated with this 
compound than any other approved for 
commodity treatments. 

The major commercial application of 
commodity treatments of products other- 
wise under quarantine falls into two cate- 
gories: (1) thermal treatments involving 
hot water, hot vapor and chilling process, 
and While there 
may be other methods in use, the great 
bulk of all treatments for the alleviation 
of plant quarantines fall into one or the 
other of these groups. 

\ study of these methods approved 
at the present time indicates that most 
all of them have one thing in common. 
The Insect whose destruction Is sought Is 
subjected to completely lethal environ- 
temperature in 


2) gaseous insect icides. 


ment, in one case to a 
which it cannot long survive, and in the 
other, to a medium of toxic gas. 

The effectiveness of these methods in 
alleviating quarantine restrictions has 
brought about an increasing desire on the 
part of both officials and individuals, such 
as nurserymen, produce dealers, and fruit 
packers and growers, to avail themselves 
of the benefits to be derived from extend- 


ing their business to markets otherwise 


closed by quarantines. It has led to an 
urgent demand for extension of com- 


modity treatments in an attempt to de 
stroy new pests. 

In any consideration of this subject, the 
fact must not be lost sight of that the situ 
ation today contains many of the same 
elements of the problems of early day 
workers. For example, the number of 
workers in this field are few, confined 
largely to the Federal Bureau of Ento- 
mology and Plant Quarantine and_ the 
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State of California. Each has its own prob- 
lems. In the one case the problems con- 
cern pests of both international and inter- 
state movement, while the other deals 
more largely with the interstate and intra- 
state movement of regulated products 
with which the Federal Government has 
not concerned itself, and with purely local 
problems. 

Though great progress has been made 
in both the international and interstate 
fields, the problems in both fields involve 
serious consideration of the possible limits 
of their During the current 
vear, a tonnage of fruit and vegetables 
moved under commodity 
a condition of movement that could not 
be estimated under seven figures. These 
include citrus fruit treatments with hot 
and cold treatments to destroy Mexican 
fruit flies of the genus .lnastrepha, fumi- 
gation of fruit and vegetables, including 


extension. 


treatments as 


vyreen corn, potatoes, onions, beets, car- 
rots, melons, ete., with methyl bromide 
to destroy Japanese beetle. The same 
furmigant is used to treat the winter crop 
of green beans from Cuba, prior to im 
| nited States, to de 
stroy the Indian pod borer (Maruca 
testulalis). A large amount of nursery 
stock moves under atmospheric fumiga- 
tion, Which removes the hazard of its car- 
rving Japanese beetle, oriental fruit moth 
and white-fringed beetle. [ydroevanie 
acid is employed in the disinfestation of 


portation into the 


a vast tonnage of cotton from all parts of 
the world and from infested areas within 
the United States to destroy pink beoll- 
worm. .\ long series of lesser Commodities 
requiring treatments are treated with one 
of a number of 
cides and hot vapor, including carbon di 
sulphide, chloropierin, hywdroevanic acid 


Various gaseous msecti 


and methyl] bromide, the seleetion of 
which is elective, for destruction of the 
vetch weevil, the strawberry mite and 
other related species In this connection, 
the Regional Plant Boards play an im- 
portant part. The solution of these prob- 
lems affords a better under- 
standing of the action of fumigants. 

The properties of uses are reflected il 
the reaction between the commodity and 
Among the 


basis for a 


the fumigant and vice versa. 
most important reactions of fumigants ts 
that phenomenon designated as adsorp- 
tion. “All solids tend to adsorb or con- 
dense upon their surfaces any gases or 
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vapors with which they come in contact. 
The amount of adsorption for given con 
ditions of temperature and pressure varies 
with the nature and physical state of the 
solid and of the nature of the gas. In 
other words, adsorption is specific and 
selective. With the same gas and the same 
solid the amount of adsorption is greater 
the higher the pressure, the lower the 
temperature.””! The influence of adsorp- 
tion seems to be little understood, vet is 
perhaps a major factor, influencing the 
success or failure of fumigation methods. 
In the application of commodity treat- 
ments it is influenced by such things as 
the load factor, that is, the relationship 
of the load to space in the fumigator. It 
still seems to be a general belief among 
those who are not familiar with the prob- 
lem that the dosage should be altered in 
direct relationship to the load, with the 
dosage schedules being cut to make up 
for load displacement. Such a course ig 
nores the question of the increased surface 
area available for adsorption. 

Study in the effects of commodity treat- 
ments already indicates that during fumi- 
gation a progressive reduction in the con- 
centration of such fuases as hydrocvanic 
acid is indirect to the amount of the load, 
i.e., the surface coming in contact with 
the gas. For example, an analysis of HICN 
concentration in a 300 foot fumigator con- 
taining a load of 100 balled citrus trees 
under standard vacuum fumigation pro- 
cedure shows a 14 per cent higher concen 
tration of ie ph in CUaSCS where the foliage 
of trees has been removed than in cases 
where it has been allowed to remain. A 
fumigator can be loaded to a point which 
will nullify the lethal value of the fumi- 
gant. These same analyses indicate that 
adsorption continues to a point where the 
ability of the commodity to attract the 
vapors of the fumigant and the tendency 
of the vapors to mingle with the gases of 
the atmosphere meet. The effects of pres 
sure on the reaction of the fumigant can- 
not he overlooked. For example, the eX- 
posure at sub-atmospheric pressure tends 
to reduce adsorption, and permits more 
rapid diffusion of the fumigant between 
the interstices of the product, increasing 
pressure, such as occurs when the vacuum 
is broken and pressure is permitted to rise, 
and causes increased adsorption and also 
increase in temperature. 


' Bancroft's Applied Colloidal ¢ 
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Great injury to living plants can come 
from stratification of gases in fumigating 
chambers. Those of high specific gravity, 
like carbon disulfide, have been noted to 
react in this manner. This factor should 
always be under control. A full load where 
a fumigant with a low adsorption coeffi- 
cient is used can have the effect of greatly 
increasing the dosage as displacement will 
exceed adsorption. Experimental data 
tends to support the opinion that some 
gases at least are activated by increased 
temperatures, if we consider that more 
complete kill of insects with attendant in- 
jury to host plants oiten occurs. The con- 
verse seems to be true as regards the loss 
of efficiency of some fumigants at low 
temperatures. 

In the case of methyl bromide, numer- 
ous tests indicate in the destruction of 
numerous species of scale insects that in- 
creased efficiency is notable between 79° 
and 85° F. Above 85° F. with the same 
kind of plants a considerably greater 
amount of injury occurs. Where tempera- 
tures are allowed todrop below 75° F., ef- 
ficiency rapidly decreases, all other things 
being equal. In connection with the use of 
hydroeyanie acid gas, what is commonly 
known as protective stupefaction has been 
demonstrated. 

The question of injurious residues in 
connection with the application of com- 
modity treatments is often of considerable 
importance. Though it can be corrected 
sometimes by post-treatment handling, it 
is often overlooked. In the case of hydro- 
eyanic acid, the difference between heavy 
fumigation injury and none at all often 
hinges on a simple expedient such as hos- 
ing off plants with water after treatment. 

The fat solvent properties of methyl] 
bromide are well known. In the presence 
of plant foliage containing oils, injury may 
he expected, sometimes to the extent that 
its value as an insecticide is destroyed. 

In most cases of this nature, close obser- 
vation will enable an avoidance of con- 
siderable injury. 

The manner of pre- and post-treatment 
handling of plants under fumigation may 
often mean the difference between success 
and failure. In connection with the use of 
hydroeyanic acid employed in evacuo, ex- 
posure to direct rays of sunlight or winds 
immediately following completion of the 
treatment is very likely to cause serious 
injury. 
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Most plants have a definite period of 
growth and rest. The resting season in 
the temperate zone often is accompanied 
by a period of complete dormancy when 
the metabolism of the plant is at its low- 
est ebb. When in this condition, its toler 
ance to gases and insecticides is probably 
at its peak. 

Of all factors affecting the general ef- 
ficiency of commodity treatments of liv- 
ing plants, variance in their tolerances to 
the different 
most difficult to forecast or to overcome. 
It is often the case that a single insect 
species has a host index of one hundred 


insecticides is the 


LYascous 


or more species. In general, it may be 
said that the problem of successful fumi- 
gation of any insect may be multiplied 
by its host index as each sometimes will 
be found to present a separate problem. 
The problem may vary according to the 
plant’s structure, growth habits, its phys 
ical make-up or, in fact, any deviation 
from the host type 

Extensive application of treatments to 
alleviate the restrictions of plant quaran 
tines indicates that tolerance of plants 
follow no fixed line. We are prone to 
group availability of a treatment accord 
ing to species, genera or even family. Such 
assumption is not warranted. 

Many varieties of hybrid azaleas are 
resistant to the vapors of methyl bro 
mide, vet a few varieties, such as Coral 
bell, Salmon Pink Grand, 
are entirely intolerant. 

In the treatment of 
range of tolerance and 
fumigants presents a difficult problem 

Cattleyas, Lycastias, Oneidiums and a 
number of other species tolerate the va- 
pors of methyl bromide to a considerable 
extent, while Cymbidiums, Vandas and 
Dendrobiums are less tolerant, yet mani- 
fest considerable tolerances to the vapors 


and Twenty 


orchids a wide 
intolerance to 


of hydroeyanic acid. 

Though Cypripediums in general are 
very intolerant to the former compound, 
some plants suffer no ill effects, indicating 
considerable variation of individual plant 
tolerance. 

It seems to be a well established fact 
that insects in certain stages of develop- 
ment succumb to fumigation dosages that 
in other stages are sub-lethal in their ef- 
fects, just as there is a difference in the 
resistance of different insect orders to the 
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same fumigant. Camellia scale, Parlatoria 
camelliae is a common pest of the camellia 
plant, infesting both sides of the leaf. In 
the adult stage it is readily killed by at- 
mospheric fumigation with methyl bro- 
mide at two pounds per 1,000 cu. ft. The 
plant is entirely tolerant to a dosage suf- 
ficient to destroy the scale. Fumigation 
delayed until spring, to be effective must 
be lethal to the eggs, voung and adults, 
and requires a higher dosage. The condi- 
tion of the plant at this time is most un- 
favorable as a new flush growth ts present 
and injury may be expected. In the case 
of the juniper scale, ¢ arulas pis rise. Fer- 
ris = Diaspis carueli Comstock, the Op- 
posite seems to be the Cause. The \ lability 
of the eggs of this seale is destroved at 
dosages which fail to kill the adult. This 
spring treatment of hosts of this coccid 
reduces the problem of the seale destrue- 
tion, though the factor of plant tolerance 
increases. The oyster shell seale, Lepido- 
sa phes ulmi, nursery 
stocks, spends the winter in the egg stage, 
which at this time is highly resistant to 
the vapors of the above compound, vet it 
is readily killed in other stages. 

While the tolerance of a plant may pro- 
foundly influence the value of a_treat- 
ment, a compensating treatment may be 
given. For example, it is some times found 
that a light dosage for longer periods will 
suffice where a heavier dosage for a shorter 
period might prove Myurlous or Vice Versa. 
In a number of species of plants the lethal 
curve and the tolerance curve closely ap- 


COMMON Ob SOME 


proximate and parallel each other. It is 
in these cases that optimum conditions 
for treatment have their application. Abil- 
ity to control conditions of treatment, in- 
cluding temperatures, humidity, and se- 
lection of the period of greatest’ plant 
tolerance, may treat- 
ment of plants where permanent injury 
might otherwise result 


enable successful 


The question of what constitutes proper 
pre-conditioning of a commodity for treat- 
ment may imply a controlling of a number 
of factors that influence the efficiency of 
the treatment and would include both the 
host plant 
ance) and the insect pest, to bring it out 


perhaps for reasons of toler- 


of dormancy and for the purpose of its 
effect on the reaction between the fumi- 
It may contem- 
operating 


gant and the commodity. 


plate such consideration as 
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temperature, pre-treatment heating, pre- 
liminary wetting, humidifying or prior 
drying off. ; 

Pre-treatment conditioning is neces- 
sarv for the successful fumigation with 
methyl bromide of citrus nursery stock 
infested with red seale, particularly in 
cool weather. To obtain a consistent kill 
using 2 pounds per thousand cubic feet 
for two hours, it was necessary to expose 
the seale and trees toa temperature of 80 
to 8) I’. for a sufficient period of time to 
permit all parts of the host supporting 
the scale to reach this temperature. Ex 
posure of red scale to the Vapors of this 
fumigant under such conditions has in all 
cases observed been completely lethal to 
this coceid. Counts of insects have Cx 
ceeded 50,000 exposure for the same pe 
riod at the same temperature without pre 
heating will result in kill largely according 
to location. The greatest survival will ap- 
pear on the older and heavier wood which 
is slow to heat up and which largely in 
fluences the temperature of this seale 

\n unlooked for development in the ap 
plication of commodity treatments Is a 
growing tendenes to utilize them as a 
means of escaping the responsibilities of 
grading. Already two states have passed 
quarantine regulations against California 
potatoes, making fumigation a condition 
of movement, and both affirm that the 
only reason for such action tis that their 
states otherwise become the dumping 
ground for wormy potatoes 

\ second example of how a commodity 
treatment to alleviate a quarantine can 
he contravened is at this time in proce 
ess of deve lopment Certam states have 
placed quarantines on California potatoes 
on account of tuber moth. Their quaran 
tines stipulate a certain treatment, the 
same to be certified to by an official of the 
state of origin, who must also attest to 
protection from post treatment infesta 
tion and provide for continued identity 
of the shipment. Despite this tvpe of regu 
lation, untreated potatoes are moved out 
of California and are fumigated at rail 
road junction points in other states where, 
I am informed, a commercial fumigator 
does the fumigation, signs the certificate 
which is countersigned by the railroad 
agent, who Is deputized hy the state 
where the fumigation takes place, and 
who pays the cost of certification, which 
is added to the waybill. With the advent 
of winter the problem of fumigation will 


become increasingly more difficult, if not 
impossible. Obviously the original objec- 
tive of the treatment has been sacrificed 
to a single consideration—convenience. 

Newly awakened interest in the in- 
dustrial application of commodity treat- 
ments to nursery stock brings with it a 
tendency towards decentralization. Ex- 
perience of twenty years in the application 
of commodity treatments indicates that 
decentralization produces a_ situation 
where there develops a strong tendency 
to improvise. Though this decentraliza- 
tion may be due indirectly to lack of 
proper organization of the work, its con- 
sequences are the same. Where the re- 
sponsibility of administering commodity 
treatments rests with a state or any gov- 
ernmental agency, officials should be in a 
position to supply information on design, 
construction of equipment, proper types 
of accessories, such as applicators, ther- 
mostats, humidifiers, heaters. ete. They 
should also be able to supply the latest 
information on such questions as dosage, 
pre- and post-treatment handling, toler- 
ance of host, and pest resistance, and be 
backed by an organization that can en- 
foree its mandates, such as standard types 
of equipment, according to industrial 
needs. Decentralization, if allowed to 
progress unregulated, may become a 
source of future trouble, involving not 
only injury to material treated, but also 
the scrapping of considerable investment 
in equipment. Worst of all, it will result 
in loss of faith. 

Last, but not least, is the responsibility 
of those charged with the administration 
of commodity treatments to surround op- 
erations with proper safeguards for hu- 
man welfare. All equipment and_ places 
of treatment should be properly signed 
if dangerous fumigants are in use. First 
aid kits, gas masks equipped with proper 
canisters should be at all times available, 
as should leak detectors where alkyl halide 
gases are used. Failure or negligence in 
this connection may result in serious in- 
jury or death. 

The expansion of commodity treat- 
ments poses a vast number of new prob- 
lems for investigators in this field which, 
if handled correctly, can go a long way 
towards furnishing relief from the restric- 
tions of present plant quarantines. If al- 
lowed to get out of hand, they will do 
much to diseredit and delay their popular 
acceptance.—-7-25-41. ‘ 











Experiments with Several Wetting Agents in the Removal of 
Fluorine Spray Residue from Apples Sprayed with 
Natural Cryolite’ 
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The use of certain wetting or degum- 
ming agents in dilute hydrochloric acid 
solutions for washing apples began with 
the work of McLean & Weber (19381), 
who found that this treatment aided in 
the removal of arsenical spray residues. 
They credited the improved results of the 
treatment to the addition of a wetting 
agent which resulted in a more effective 
contact between the acid solution and the 
spray particles. 

Since the work of these investigators 
wetting 
have found the removal of 
lead arsenate spray residues. The value 
of wetting agents in the removal of fluor- 
ine spray residues from fruit spraved with 
natural eryolite, however, has not been 
very well established. Several patents 
have been granted to McLean & Weber 
1935, 1987, 1938) covering the 
what thev term wetting or degumming 
agents in dilute mineral acids for remov- 
ing spray residues from fruit. A patent 


was published, certain agents 


wide use in 


use of 


on the use of certain wetting agents in 
acid solution to aid in the cleaning of 
fruit has been granted to Carswell (1988). 

Due to commercial most of 
the wetting or degumming agents on the 
market are identified by trade rather than 
chemical names. According to Roark 
1937) there are three principle groups 
under which most of the commercial wet- 


reasons, 


ting agents can be classified: (1) the sul- 
fated aleohols or alkyl sulfates, (2) alkyl 


” 


sulfonates, (5 
such aromatic compounds as 
naphthalene and biphenyl. He has also 
called particular attention to the differ 
ence between sulfated and = sulfonated 
compounds. The various compounds com 
ing under the three groups are widely used 


sulfonated products of 


benzene, 
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in the textile industry as detergents and 
as wetting agents. 

Observations have been made in the 
Yakima and Wenatchee districts in the 
state of Washington over a period of 
several years of results obtained in the 
commercial washing of apples. Although 
the addition of such trade wetting agents 
as Vatsol and Hydralene was often helpful 
in improving the removal of lead arsenate 
with hydrochloric acid solutions, it' was 
indicated that the effectiveness in re- 
moving fluorine spray residue from nat- 
ural ervolite spraved fruit was not im- 
proved. 

The majority of fruit washers used in 
these districts are ¢ f thie double process, 
overhead-flood type, as illustrated by 
Robinson (1986). In this type of washer, 
sodium silicate or sodium carbonate solu 
tion is used in the first treatment for pe- 
riods of 20 to 10 seconds, followed by al ] 
to 1.5 per cent hydrochloric acid solution 
for periods of similar lengths. The tem- 
peratures of the solutions are generally 
maintained at 90° to T1O° BF. Only ocea- 
sionally are wetting agents used in the 
flood-type machines, due to the fact that 
the amount that can be added ts limited 
hecause of the foaming that 
would occur in the highly agitated solu- 
tions. The use of defoaming compounds 
heneficial effects 


CXCCSSIVE 


tends to counteract the 
of the wetting agents, and thus are of no 
particular value, Robinson (1956). 

The use of the regular paddle flotation 
fruit washers ts limited in the Yakima and 
Wenatchee districts for several 
Large quantities of fruit must be handled 
in a comparatively short time in the com- 
mercial packing plants and most. fruit 
washed in this type of machine would 
have to be immersed in the solution for 
two minutes or longer, Overley et al. 

1933). This length of time for exposure 
of fruit to the solution is an objectionable 
delay and also increases the possibility of 


reasons. 


fruit injury when using heated washing 
solutions. Because of the heavy spray 
programs used in the arid areas of the 
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Pacific Northwest, the removal of spray 
residues at harvest is generally more dif- 
ficult than experienced in other parts of 
the country, Haller 1935), and heated 
fruit washing solutions are generally re- 
quired. ee ey 

In the Yakima districts there is in use 
a number of fruit washers based on an im- 
proved flotation principle. With this ma- 
chine the length of time that the fruit is 
exposed to the solutions Is about the same 
as for the overhead-flood types in that it 
has means of raising the fruit above the 
solution and rapidly lowering it again at 
short intervals to facilitate the cleaning 
action. The operating principles are de- 
scribed in detail in a patent granted Mor- 
ris & Cockrill (1936). The majority of 
these machines is used in tandem, as in 
the case of the overhead-flood types. Wet 
ting agents are frequently added to both 
the acid and alkaline solutions to aid in 
the removal of lead arsenate spray re s] 
dues. 

\fter a study was made of notes on ob 
servations of fruit washing 
and of the various literature pertaining to 
the use of certain wetting agents in the 
removal of fluorine spray residue, the fol- 
lowing experiments were made. A special 
fruit 
the tests conducted under laboratory con 
trolled conditions. Five different 
agents were used in these particular tests 
which included soap bark and the four 
trade products, /ntramine-V, Nekal BX, 
Vatsol, and Hydralene. 

DeseriprTion oF Fruit Wasner.-—The 
special fruit washer used in the tests, it 
is beheved, added to the flexibility and 
aecuracy of the procedures employed. 
The machine devised,’ although different 
mechanically, duplicated the fruit wash- 
ing action of the modified fruit washer de 
Ve loped by Norris AS Cockrill 1936). 

\s in the commercial flotation machine, 
the cleaning action of the experimental 
fruit washer is dependent principally upon 
chemical rather than physical action in 
removing spray residues from fruit. Any 
change in the effectiveness, as the result 
of adding a wetting agent, would be more 
apparent under these conditions. By using 
the experimental fruit washer, it was pos- 


commercial 


washing machine was devised and 


wetting 
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sible to make more positive and accurate 
comparisons of different washing treat- 
ments without using large quantities of 
fruit. 

The experimental fruit washer consists 
of three solution tanks mounted in a 
frame, together with a suitable mecha- 
nism for exposing the fruit to the clean- 
ing action of the solutions used (Fig. 1). 
The top members of the frame support the 
operating mechanism, which is mounted 








Front view of laboratory washer used in 
the experiment. 


on a movable carriage. This carriage may 
be placed in the desired position over each 
tank and thus one mechanism may per- 
form the duties of three independent sta- 
tionary units. The operating mechanism 
consists of a monel metal fruit container 
firmly attached to the lower end of a 
vertical plunger shaft, which in turn is 
actuated by an electric motor operating 
through desired speed reduction units. 
The mechanism was so designed as to im- 
part to the fruit container a vertical, re- 
ciprocal movement with a six-inch limit 
of travel, the rate of travel being variable 
through the use of a special drive. The 
result is a slowly ascending movement of 
the fruit container and a rapidly descend- 
ing movement. In addition to the vertical, 
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reciprocal motion, the fruit container is 
given a partial rotation of about six inches 
during its travel, the direction of rotation 
being reversed as the lire ction of vertical 
travel is reversed 

In actual operation, the container ro 
tates in a clockwise direction when in a 
submerged position, the reverse in direc 
tion of rotation taking place when the 
bottom of the fruit container is elevated 
above the The level of the 


tank solution 





solution maintained was approximately 


one and one-half inches below the bottom 
of the container when at its highest point 
of travel Why a thre 
lowest limit of travel, fruit floating on the 
of the washing solution was not 
in contact with the bottom of the 
tainer, thereby permitting it to rotate in 


touching 


container was at its 


surface 
Coq 
without 


il clockwise direction 


the fruit. The fruit was quickly released 


from its position on the bottom of the 
container upon its contact with the sur 
face of the washing solution, when the 


rapidly descending movement of the 
plunger shaft occurred. In other 
the container bottom dropped 


awav from contact with the fruit after the 


words. 
rapidly 
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level of the solution was reached, thus per- 
mitting the falling fruit to submerge mo- 
mentarily without encountering any ob- 
struction. Then, on the ascending stroke, 
the container, moved slowly, lifting the 
fruit in a different position from that oe- 
cupied on the descending stroke The 
repetition of these movements caused the 


fruit to progress intermittently ina 
counter-clockwise direction 
The operating mechanism is rigidly 


held over the center of any tank by a 
locking device on the carriage. Provision 
was made through a chain pull for a re- 
lease of the locking device, as desired 
when moving from tank to 
tank. A hand lever permitted elevating 
the operating mechanism rapidly, which 
removed the fruit container from the tank 
solution after the desired exposure. This 
lever Was so arranged as to remain in its 


mechanism 


extreme position until released 
An automatic interrupter 
electric current to the motor 


breaks the 
when the 
lever is in its lowest position. The length 
of time that the fruit was exposed to the 
washing solution was readily governed by 
the number of impulses of the plunger 
shaft controlled by the use of the 
hand lever 

Solution tanks are construct ( of wood, 


and 


with inside dimensions of eighteen inches 


square and fifteen inches deep \ ther- 
mometer guard was constructed in one 


corner of each tank. The structure of these 
permitted 
floating thermometers, 
free circulation of the solutions. The solu 
tion in the first third tanks 
heated hy circulating through acid resist- 
back of the 
burners (Fig. 2 

eX PERIMENTS. 


guards using partially sub 


Tri rved, and also 


and was 


ing coils extending from 
tanks over gasoline 

Freir Usep in tH 
The apples used in the experiments were 
grown and spraved in the Wenatchee and 
Yakima districts of the state of Washing- 
ton. The fruit of lots bearing the legend 
letters A, B,C, W, and Z, was grown and 
spraved in Wenatchee, and the fruit of 
lots H and Lo was from Yakima. Natural 
eryolite was included in the spray pro- 
grams in various numbers of applications 
Table 1). 

All of the fruit used had been placed in 
cold within a few weeks after 
picking, being removed approximately a 
week before the washing experiments were 


storage 


made 
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PREPARATION OF WASHING SOLUTIONS. 

In preparing the washing solutions, ap- 
proximately 12 gallons of water were put 
into the first and the last tanks of the ex 
perimental washer. A weighed amount of 
a stock solution of commercial sodium sil- 
icate (1 NaoQO: 1.61 SiO.) was thoroughly 
mixed into the water of the first tank. 
The concentration of this solution was 


then determined by titrating a 25 ml. 


tainer of the fruit washer. The container 
was then lowered into the sodium silicate 
or hydrochloric acid solution, as the case 
may be, and the machine operated for 
three hours with the solution at a temper- 
ature of 110° F. before any washing ex- 
periments were made. After the addition 
of any wetting agent, the solution of so- 
dium silicate or hydrochloric acid was re- 
checked for concentration. 


Table 1.—Description of the apple samples. 
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as GRAINS FLUORINE 
reR Le. or From Spray Program 
LEGEND VARIETY \rrer Harvest Lead Arsenate used as a calyx spray in each case) 
\ Winesap 29 Ist cover spray lead arsenate (3° Ibs.42 Ib. colloidal 
spre ider 
2nd cover sprays lead arsenate 3 Ibs a 13 pts mineral oil 
spreader* 
}-4--7-8-9th cover sprays: natural cryolite > Ihs.+1 pt. 
fish oil 
i Wine sup Cz l-2nd cover sprays: same as lor legend A 
}-4-5-Cith cover sprays: natural cryolite (3 lbs.+1 pt fish oil) 
( Delicious 4 Same as for legend A 
Il Winesap ) 1-2-Srd cover sprays: lead arsenate (3 lbs.+ 4 gal. mineral oil 
emulsion 
t-5th cover sprays: lead arsenate (3 lbs.4+14 pts. mineral oil 
spreader 
6-7th cover sprays: natural cryolite (3 Ibs.+ 3 gal. mineral oil 
emulsion 
l Winesap 14 |-2-S5-4-5th cover spravs: same as for H 
6-7th cover sprays: natural ervolite (3 lbs.4+14 pts. fish oil 
\W Jonathar | Ist cover spray: lead arsenate (3 Ihs.+2 ats. kerosene, } Ib 
immonium oleate 
2-$-4-5th cover sprays: natural eryolite (3 Ibs.+4 gal. mineral 
I, Ib triethanolamine oleate and 2 oz. of zine sulphate 
Z Jonathar lt Ist cover spray: same as for levend W 
4 ird cover sprays eal ium arsenate } lbs + , gal mineral 
il, } Ib. triethanolamine oleate, and 8 oz. of zine sulphate 
$-5t! ver sprays: same as legend \ 
Ave ‘ we 
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aliquot with a 0.1 normal solution of hy 
drochloric acid in the presence of methyl 
orange as an indicator and caleulated on 
the basis of per cent by weight 

If any wetting agent, with the exception 
of soap bark, was to he added to the hy- 
drochloric acid or the sodium silicate S0O- 
lution, it was made into a paste with a 
small amount of solution before being 
mixed with the contents of the tank. In 
the case of the soap bark, the powdered 
product was put into a small cloth sack 
and attached to the bottom of the con 


In the center tank of the washer, fresh 
running water was maintained at all times 
by means of an overflow through a half- 
inch pipe. 

SAMPLING AND ANALYZING FOR FLUOR- 
INE SpRAY Resipues.—-One sample of ten 
fruit was taken from each washing lot for 
chemical analysis. An attempt was made 
to keep the size of the fruit similar and 
bring the average weight to approxi- 
mately 1400 grams. In making analyses of 
fruit used in washing method compari- 
sons, It was believed advisable to have an 


ee ee 
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equal number of fruit in each sample, as 
past experience has shown that the stem 
and calyx end of the washed fruit may 
contain the greatest portion of the spray 
residue. 

The method for determining the quan- 
tity of fluorine! on the fruit was de, eloped 
by the Food and Drug Administration 

1937). In this procedure the organic mat- 
ter in the sample, in the case of analyzing 
apples, is greatly reduced by using only 
the skin, stem and calyx portions of the 
fruit. 

The selected fruit samples taken for 
lead spray residue analyses were sub- 
mitted to a commercial laboratory spe- 
cializing in spray residue analytical work. 

EXPERIMENTAL Procepure.—The fruit 
washing experiments were made during 
the middle of December, and the tem- 
perature of the room ranged from 35° to 
15° F. 

Each sample consisted of twenty fruits, 
carefully selected for size from several 
bushels. The unwashed samples were col- 
lected in clean paper bags so as to be in 
readiness for the washing operations. In 
this manner it was not necessary to handle 
unwashed fruit, as it was readily emptied 
from the paper bags into the fruit con- 
tainer of the washer. 

A level of from 8 to 8.5 inches, equiva- 
lent to approximately 11.5 gallons was 
found most satisfactory in the tanks. Any 
solution in excess, therefore, was removed 
and stored in non-corrosive containers for 
use in replacement of any solution lost 
from carry-over or evaporation. 

The steps in the washing procedure may 
be summarized as follows: 1. Checking op 
erating mechanism; 2. Checking of the so- 
lutions for strength; 3. Adjustment and 
checking of temperatures; t. Introduction 
of fruit sample into container of experi- 
mental fruit washer when it is in the high- 
est position over tank, in which fruit is to 
be subjected to first treatment; 5. Ex- 
posure of fruit sample to washing solu- 
tions and rinses; 6. Removal of sample 
from container to wooden rinse box for 
supplementary rinse; 7. Collecting of 
washed fruit sample in clean, labelled 
paper bags. 

The length of exposure of the fruit to 
each washing solution is controlled by the 
number of impulses of the fruit container. 
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In these experiments for treatment in 
either the alkaline or the acid solution, 
each sample was subject to eighteen im- 
pulses of the container, which Is equiva- 
lent to approximately forty seconds of ex- 
posure. A double Was 
used throughout the experiments. The 
fruit was first treated in the sodium sili- 
cate solution, followed by 35 seconds rinse 
treatment in the center tank. It was then 
treated in the hydrochloric acid solution 
and returned to the center tank for an- 
other 35 seconds rinse treatment. 

The sample was removed from the con- 
tamer after the final rinsing treatment in 
the center tank to a wooden 
box having a bottom perforated with one- 
fourth inch This box then 
placed over a drain and the contents sub- 
jected to an added rinse with one gallon 
of cold, fresh water. Each sample was 
similarly rinsed. After the excess water 
had drained from the sample it was trans- 
ferred to a paper bag which was later 
taken to cold storage. 

Discussion ON Wetting AGENTS Usep. 

The equivalent amount of the various 
wetting agents used on the basis of 100 
gallons of solution is given in table 2. All 
of the wetting agents used in the experi- 
ments, with the exception of soap bark, 


washing pre ICCSS 


varnished 


holes. Was 


were identified by trade names. 

Soap Bark (Quillaja); a coarse, light 
tan, powder. In the sodium silicate solu- 
tion, the presence of the soluble ingredi- 
ents of soap bark failed to produce foam- 
ing on agitation. When added to the 
hydrochloric acid solution, a good foam 
was produced when agitated. 

Although it is included as a 
agent in these experiments, soap bark ts 
probably better known as a detergent and 
emulsifying agent. These properties are 
attributed hy Wood & LaWall (1926), 


principally to two ingredients which be- 


wetting 


long to the group of saponins, one of 
which is said to be identical with senegin 
and the other with quillaie acid. The 
saponins occur in varying amounts in a 
wide variety of plants, the more impor- 
tant sources being the inner lavers of the 
bark of Quillaja saponaria Milina 
bark) and the pericarp of the fruit of 
Sapindus utilis, Martin 1940). The Ssapo- 
nins form a group of glucosides which can 
on hydrolysis or by the action of specifie 


soap 


enzymes be converted into sugars and sap- 


ogenins. 
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The wetting properties of saponins were 
demonstrated by Taubman (19380), in ex- 
periments on the wetting of paraffin by 
water. He found that when the sapo- 
nin concentration of aqueous solutions 
reached 0.01 per cent, paraffin could be 
wetted. The possibilities of saponin (soap 
bark) as a component in the acid solvent 
system for dissolving pulverized natural 
cryolite was suggested in a report by 
Riggs.’ In preliminary laboratory experi- 
ments, Garverich,? found that the amount 
of powdered natural cryolite dissolved in 
100 cc. of a saturated solution of soap 
bark extract contaming 4.5 ce. of 20° 
Baumé hydrochloric acid was greater than 
in 100 ec. of a 1.0 per cent Vatsol solution 
containing the same amount of hydro- 
chloric acid. 

Intramine-) ; a soft, yellowish-tan pow- 
der, possessing a slight odor of coconut 
oil. It appeared to be readily soluble in 
the sodium silicate solution and produced 
a good suds. When added to the hydro- 
chlorie acid, it produced a light milky so- 
lution which also had good foaming quali- 
ties. 

According to Antwerpen (1939) and 
Cupples (1940), the Jntramine type of 
wetting agent is a sodium salt of sul- 
fonated lauryl and myristyl collamide and 
finds use as a detergent, wetting or emulsi- 
fying agent in the textile and cosmetic 
industries. 

Nekal BX; a fine, buff colored powder 
which becomes sticky and darker in color 
upon exposure to the atmosphere. It was 
soluble in the sodium silicate solution and 
produced a good suds. When added to 
the hydrochloric acid solution, it imparted 
alight, milky color, and foamed well upon 
agitation. 

The chemical composition of Nekal BX 
is given as sodium alkyl naphthalene sul 
fonate (Roark 1937). The same composi- 
tion for Nekal BX is given by Antwerpen 
1939) and Cupples (1940). The appear- 
ance of the product is described by Cup- 
ples as a fine powder, having a light-tan 
color. 

Vatsol; a butf colored powder which like 
Nekal BX becomes sticky and darker in 


' Riggs, W. S. 1934. Determination of the compatability and 
effects of Vatsol, an detergent, on the solubility of 
natural cryolite in various aqueous systems. Unpublished data 
R. & D. Dept., Penn. Salt Mfg. Co., January 20 

? Garverich, E. S. 1934. Determination of the effect of saponin 
and Vatsol on the solubility of natural cryolite in various 
aqueous solutions. Unpublished Report. R. & D. Dept., 
Salt Mfg. Co., January 30 
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color when exposed to the atmosphere. 
Vatsol seemed to be compatible with the 
sodium silicate solution and formed a good 
suds on agitation. When it was added to 
the hydrochloric acid, it produced a light, 
opalescent solution which also formed a 
good suds upon agitation. 

Martin (1940), classifies Vatsol as one 
of the proprietary products along with 
Nekals, Alkanols, Invadines, ete. of a 
group having as their active constituents 
the iso-propyl and butyl naphthalene sul- 
fonates, which are characterized by the 
ready solubility of their metallic salts. 

Where Vatsol was added to 1.5 per cent 
solutions of hydrochloric acid, with and 
without 2 per cent sodium chloride, in 
both a flood and a flotation type fruit 
washer, the results of Smith & Ryall 
(1933) and others, showed that while 
there was more complete removal of lead 
and arsenic, the effectiveness for remov- 
ing fluorine from fruit was not increased, 
and in some cases was decreased. The re- 
sults obtained by Hough (1936), on the 
removal of fluorine spray residues from 
fruit sprayed with cryolite, showed that 
the use of Vatsol in either heated or un- 
heated acid solutions of a flotation type 
fruit washer did not result in increased 
effectiveness, but did indicate a tendency 
to reduce the efficiency of the acid wash. 

Hydralene; a soft, light tan, fibrous 
powder, which becomes sticky and darker 
in color when exposed to the atmosphere. 
The foaming quality of sodium silicate 
solutions containing Hydralene was almost 
nil. On the other hand, Hydralene mixed 
satisfactorily with the hydrochloric acid 
solution, producing a foggy, amber col- 
ored liquid which had good foaming 
properties. 

The product Hydralene is a detergent 
and wetting agent belonging to the Nac- 
conol E type.4 The chemical composition 
of the latter product, according to Ant- 
werpen (1939), is sodium alkyl aryl sul- 
fonate. 

Discussion oF Resuuts.——The quan- 
tity of wetting agent used in the washing 
solution of the improved type of flotation 
imachine varies somewhat in commercial 
practices, depending upon the condition 
and treatment of the fruit. In these ex- 
periments, each wetting agent, with the 
exception of soap bark, was used at the 
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rate of 4 pounds to each 100 gallons of 
solution (Table 2). It was believed that 
this quantity would give the best com- 
parison of the commercial wetting agents 
where only one concentration was to be 
used. In the case of soap bark, twice the 
amount was used due to the fact that not 
all of this material is soluble in water. 


Econom 





Vol. 3 


IN POMOLOGY 


1, No. $3 


still noticeable even in the presence of a 
natural eryolite deposit. [It is hardly pos- 
sible, however, to arrive at a definite con- 
clusion on this point since the average 
lead residue of the unwashed fruit of lots 
H and L was only 0.05 grains per pound, 

With the exception of Huydralene, there 
is no definite indication that the addition 


Table 2.—Results of the fruit washing experiments on the removal of fluorine and lead spray 


residues. 
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Probably the most apparent result of 
these experiments is that the addition of 
any one of the wetting agents tried did 
not show any inclination to improve the 
effectiveness of the acid wash (Table 2). 

The depressing effect caused by the ad- 
dition of a wetting agent to the acid wash 
in the removal of fluorine spray residue ts 
in marked contrast to that obtained in 
the removal of lead spray residues by the 
same treatment. It is particularly inter- 
esting in the case of the fruit of lots H 
and L on which the lead tests were made, 
since these lots had been sprayed twice 
with natural eryolite following five ap- 
plications of lead arsenate (Table 1). This 
would seem to indicate that the advan- 
tages of using a wetting agent in the acid 
wash for the removal of lead residue were 


to the sodium silicate solution of any of 
the wetting agents tried would affect the 
efficiency of the alkaline-acid washing 
treatment. When H7ydralene was present 
in the sodium silicate solution, (Table 2), 
the results of the alkaline-acid treatment 
were higher in every case. This may be 
due to the behavior of H/ydralene in so- 
dium silicate solutions as previously de- 
scribed in the behavior of wetting agents. 

A double washing treatment was used 
throughout the experiments since this is 
the general practice in commercial fruit 
washing in the Pacific Northwest. The 
sodium silicate and hydrochloric acid so- 
lutions were used at concentrations most 
commonly employed. In the washing tests 
a wetting agent was never used in both 
the alkaline and acid solutions at the same 
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time in the various double washing treat- 
ments tried, so that the effect of the added 
material in either solution would be more 
noticeable. 

With the exception of soap bark ex- 
tract, all of the wetting agents tried in 
this experiment produced some precipita- 
tion in various degrees in hydrochloric 
acid solutions used for washing cryolite 
sprayed fruit. There is a possibility that 
the presence of these wetting agents in 
the acid solution resulted in the forming 
of a coating on the eryolite particles, cap- 
able of inhibiting the normal action of the 
acid. 

Smith ef al. (19383, 1984), reported that 
when an acid-wetting agent combination 
was used for washing fruit which had been 
sprayed with eryolite, more washing in 
jury occurred on the fruit probably due 
in part to the fact that the acid-wetting 
agent combination is more difficult to 
rinse off, and emphasize the need for ad 
ded rinse when a wetting agent is used. 

In these experiments, no washing in- 
jury could be found on the fruit, with the 
exception of lot Z. On this lot the injury 
was typical spray burn and the same in 
jury was found on the unwashed fruit. 
This fruit was spraved with calcium ar- 
senate for the second and third cover 
sprays (Table 1). 

Summary. Experiments were made on 
the removal of fluorine spray residues 
from fruit spraved with natural eryolite. 


Kach of the following wetting agents: 
soap bark extract, Intramine-Y, Nekal 
BX, Vatsol, and Hydralene, was used in 
either the sodium silicate or the hydro- 
chlorie acid solution of a double process 
washing schedule. 

The sodium silicate concentration was 
maintained at 9.6 per cent by weight of 
the actual compound! in the solution 
used for the first washing treatment. The 
hydrochloric acid concentration in the 
solution used for the second washing treat- 
ment was maintained at 1.5 per cent ac- 
tual HCl by weight. Every sample of 
fruit was exposed to each washing solu- 
tion for forty seconds at a temperature of 
110° F. in a positive control, experimental 
fruit washer of a flotation type. 

The addition of either, soap bark, Intra- 
mine-Y', Nekal BX or Vatsol to the sodium 
silicate solution did not cause any partic- 
ular change in the result obtained by the 
dual washing treatment. When Hydra- 
lene was added to the sodium silicate solu- 
tion, the effectiveness of the washing 
treatment was noticeably lowered. 

The addition of any one of the wetting 
agents to the hydrochloric acid solution 
reduced the effectiveness of the washing 
treatment. With the exception of soap 
bark, this reduction in effectiveness was 
considerable.— 8-18-41. 


Nad), L610. A concentration of 9.6 per cent is equivalent 
t bout 80 pounds per LOO gallons of solution 
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Present Status of Rotenone and 


R. C. Roark, Bureau 

One of the most amazing developments 
in American agriculture during the past 
decade has been the rapid growth in the 
use of derris, cube, timbo, and barbasco 
as insecticides. These plants, all closely re- 
lated botanically and belonging to the 
family Fabaceae, owe their toxicity to 
rotenone and a group of structurally re- 
lated compounds called rotenoids. 

Proprietary insecticides containing der- 
ris extractives were manufactured in 
Great Britain as early as 1911 and were 
imported into the United States about 
1915. Derris root was not brought into 
this country in commercial quantity until 
1931. The trade then grew rapidly; in 
1932 the importation was 17 long tons 
and in 1933, 257 long tons. Cube, which is 
Lonchocarpus of Peruvian origin, became 
commercially available in the United 
States in 1931, the total importation in 
that year amounting to 3,979 pounds. 
Timbo, which is Lonchocarpus of Brazilian 
origin, was first imported in significant 
quantity in 1935, in which year 154,323 
pounds were brought in from the state of 
Para, Brazil. The first official figures on 
the importation of Lonchocarpus are for 
the year 1936. Table 1 presents the data 
on both Derris and Lonchocar pus for the 
vears 1936 to 1940, inclusive. 

The magnitude of these figures is better 
appreciated when they are converted into 
pounds of insecticidal material as applied 
in the field. Most of the derris, ete., is 
used in the form of a dust made by dilut- 
ing the powdered root to a rotenone con- 
tent of 1 per cent. Assuming a rotenone 
content of 4 per cent in the imported root 
and much of it contains 8 to 10 per cent 
rotenone), the 65 million pounds of crude 
and powdered root imported in 1940 
would make over 25 million pounds of 
insecticidal dust. 
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Ture CuLtivation or ROTENONE-BEAR- 
ING PLANTs.——-Of the more than 80 species 
of Derris, only two are cultivated, Derris 
elliptica Benth. and D. malaccensis Prain 

Great Britain Imperial Institute, 1940). 

Derris elliptica is found in the Malay 
Peninsula, the East Indian Archipelago, 
and the Philippines. In the natural state 
it isa woody climber of large size, bearing 
clusters of pale rose-pink flowers which 
turn to buff as they age. The mature pods 
are about 2 inches long and 1 inch wide 
and olive brown to dark brown in color; 
they contain usually one but sometimes 
two or three seeds. In some areas, notably 
the Malay Peninsula, the plant rarely 
flowers, a fact that has led some observers 
to believe that the species is not really 
native to the Peninsula but may have orig- 
inated from stock imported from south- 
ern China. In Java, however, the same 
species flowers freely even when the plants 
are comparatively young. 

Of the cultivated forms of this species, 
Changi No. 3 is one of the more impor- 
tant. The plants are prostrate with the 
stems trailing but not forming a dense 
cover and without erect woody 
shoots. The plants are strong and vigor- 
ous and remarkably free from attack by 
insect pests. On a moisture-free basis their 


side 


roots, when 15 months old, averaged 12 
to 13.5 per cent rotenone and nearly 30 
per cent ether extract; an individual plant 
from one of the better clones contained as 
much as 15.25 per cent rotenone. 

Derris malaccensis, which grows in the 
Malay Peninsula, differs from D. elliptica 
in habit and in other ways. The cultivated 
form has come to be regarded as a sepa- 
rate variety, dD. matlacce nsis Var. sara- 
wakensis Hend. The roots of this species 
contain little or no rotenone but average 
19 per cent or more cther extract. 
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In the Netherlands Indies a variety of 
Derris elliptica called Toeba woeloeng 
L.C.B. is grown, which has yielded over 
10 per cent rotenone. This variety is simi- 
lar morphologically to Changi No. 3, and 
it Is possible that the two may be identi- 
eal. 

In the Philippines derris root averages 
$ to 5 per cent rotenone. Although derris 
is found in French Indo-China, Ceylon, 
Polynesia, and Brazil, the rotenone con- 
tent of the roots is usually low and little 
use is made of them commercially. 

The yield of dried derris roots ranges 
from 800 to 1,800 pounds per acre, accord- 
ing to Sievers (1940). 

The Imperial Institute of Great Britain 
1938) has reviewed information on the 
cultivation of which 
about 70 species are known. The most 
important entering commerce 
from Peru, where it is known as cube, is 
Lonchocar pus utilis A. C. Smith. The bulk 
of the timbo exported from Brazil is L. 
urucu Killip and Smith. The Lonchocar- 
originating in Venezuela is called 
harbaseo, but it must be remembered 
that this word means fish poison and is 
applied in Spanish-speaking countries to 
many plants that do not contain rotenone. 

Lonchocar pus plants in the natural state 
are large, woody climbers which may 
reach the tops of tall trees, but usually 
under cultivation they are not allowed to 
remain after about four years, up to which 
age they have a bushy form. 

The rotenone content of cube and timbo 
is exceedingly variable. Much of the ma- 
terial contains 8 to 10 per cent rotenone, 


Lonchocar pus, of 


species 


pus 


and specimens containing 15 per cent have 
been analyzed by the Division of Insecti- 
cide Investigations. In the United States 
commercial cube and timbo powders are 
blended to the same rotenone content (4 
or 5 per cent) as is derris powder. 

The yield of fresh timbo roots harvested 
3} years after planting is stated to be 17} 
metric tons per hectare. Assuming that 
the roots lose 60 per cent of their weight 
on drying, this is equivalent to about 
6,000 pounds of dried roots per acre. 

At present none of the 150 species of 
Tephrosia is grown commercially for use 
as an insecticide. V. A. Little, of the Texas 
Agricultural College at College Station, 
Texas, and A. F. Sievers, of the Bureau 
of Plant Industry, United States Depart- 
ment of Agriculture, are conducting a co- 
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operative investigation of the possibilities 
of the devil's shoestring (7. virginiana) as 
a source of insecticide. The rotenone con- 
tent of the roots of some plants is as high 
as 4or5 percent. It is believed that about 
1,000 pounds of dried roots per acre can 
be grown on the sandy infertile soils of 
eastern Texas. 

Although Derris, and 
Tephrosia grow wild in many countries, 
practically all the plants entering com- 
meree are cultivated. Plants growing in 
the jungle are so inaccessible and also so 
variable in rotenone content that they 
cannot compete with plantation-grown 
material that has been carefully selected 
for a high content of active principles, 
Moreover, with the exception of the 
devil's shoestring, rotenone-bearing plants 
cannot be grown in the United States. At 
present we must look to the tropics for our 
supply of rotenone and the rotenoids. 

Insect Pests or Derris, CUBE, AND 
TEPHROSIA. Although the rotenone- 
bearing plants are potent insecticides, 
they are attacked by a surprisingly large 
number of insect enemies. Roark (1939) 
has compiled a list of 45 identified and 13 
unidentified species of arthropods attack- 
ing derris. These species belong to 5 or- 
ders, 26 families, and 39 genera. The fact 
that dried roots in storage are attacked 
by 19 species of Coleoptera illustrates the 
the high specificity of action of rotenone 
against insects. That the leaves of grow- 
ing derris are attacked hy caterpillars and 
other insects is not so surprising, because 
the insecticidal principles of the plant are 
not found in the leaves. 

Only 3 species of insects have been re- 
corded as attacking Lonchocarpus (Roark 
1936, 1988b). One of these, Dinoderus bi- 
foreolatus Woll., attacks derris root also. 

Tephrosia is also subject to injury by 
many insects. 7. rirginiana is attacked by 
at least 9 species, and some of these feed 
on the seeds which are rich in rotenone 
Roark 1937 

From a practical standpoint the insect 
enemies of these plants do not seriously 
interfere with their successful cultivation, 
and borers in dried roots are easily con- 
trolled by heating or fumigation. 

Cuemistry oF Derris, CusgE, Timpo, 
ND Tepnrosia.-The following com- 
pounds have been found in derris root: 
Rotenone, levodeguelin, levo-alpha-toxi- 
carol, elliptone, sumatrol, and malaccol. 
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All of them have been isolated in optically 
active crystalline form except deguelin, 
which has been obtained only in the in- 
active form. An optically active dihydro- 
deguelin was obtained by Haller & La- 
Forge (1934) by hydrogenating a derris 
extract. Tephrosin, formerly thought to 
be present in derris root, is now known to 
be formed by the oxidation of deguelin 
during its isolation. 

Of the known constituents of derris 
root only two, rotenone and levodeguelin, 
have noteworthy toxicity to insects. Cer- 
tain other constituents, for example, toxi- 
carol, are highly toxic to goldfish but only 
feebly so to insects. 

The insecticidal constituents of Loncho- 
carpus and Tephrosia have not been so 
thoroughly studied as have those of Der- 
ris, but rotenone and deguelin are known 
to be present. Toxicarol was first isolated 
from 7. toricaria, but it has never been 
found in Lonchocarpus. 

Jones (1939) reported the presence of a 
minute quantity of alkaloidal material in 
derris, cube, and timbo roots. This ma- 
terial proved nontoxic to mosquito larvae 
at a concentration of 1: 10,000. 

Although their structure is fully known, 
rotenone and rotenoids have not been syn- 
thesized and there is little likelihood of 
this being accomplished. None of the com- 
pounds of analogous structure that have 
been prepared have insecticidal value, and 
the only derivative of rotenone possessing 
toxicity is dihydrorotenone. We shall be 
compelled to depend upon certain legumi- 
nous plants for our supply of rotenone and 
the rotenoids for some time to come. 

Methods are now available for accurate 
chemical analyses of rotenone and de- 
guelin, separately and together. Rotenone 
is best determined by extracting the finely 
powdered root with chloroform, convert- 
ing the rotenone in the extract to the sol- 
vate it forms with carbon tetrachloride, 
and filtering and weighing this compound, 
C.,H»O,-CCl, the rotenone content of 
which is 72 per cent (Jones & Graham 
1938). This method has been adopted as 
“official, first action” by the Association 
of Official Agricultural Chemists. 

The red color test of Goodhue (1936) is 
used to determine rotenone plus deguelin 
in an extract of derris, cube, timbo, or 
Tephrosia. 

Jones (1941) has recently prepared a 
review of all chemical methods that have 
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been proposed for the evaluation of 
rotenone-bearing plants. 

PHARMACOLOGY OF ROTENONE AND THE 
RotTeNoips.—A great deal of work has 
been done on the pharmacology of rote- 
none and the rotenoids. Geoffroy (1892) 
tested pure rotenone extracted from Lon- 
chocarpus nicou upon frogs and rabbits. 
The early work on the pharmacology of 
Lonchocarpus has been referred to by 
Roark (1936, 1938b), who also reviewed 
the pharmacology of Tephrosia (Roark 
1937). Haag (1941), has recently com- 
pleted an exhaustive review of the phar- 
macological literature on rotenone and 
related compounds. The following in- 
formation is taken mostly from this work. 

When finely powdered undiluted derris 
rotenone content 9.6 per cent) is applied 
to the human skin, mild irritation is some- 
times produced, particularly where two 
skin areas touch. This local reaction has 
practically always disappeared within 24 
hours after removal of the material. 
Grinders of derris and cube roots guard 
against irritation by requiring their em- 
ployees to bathe frequently and to wear 
clothing designed to minimize contact 
with the dust. Derris, as well as rotenone, 
also produces a sensation of numbness on 
the mucous membranes of the mouth and 
throat, which lasts for three or four hours. 

Derris (or rotenone) administered to 
laboratory animals (dogs and cats) by 
mouth, by vein, or by inhalation promptly 
caused nausea and vomiting, even when 
dose was so small as to provoke no other 
appreciable physiological response. This 
emetic action should have some practical 
significance, because individuals having 
inadvertently ingested derris would in all 
probability expel much of the material. 

As the result of laboratory feeding tests 
upon guinea pigs, white rats, and rabbits, 
Haag concluded that the toxicity of derris 
does not depend solely upon its rotenone 
content. For example, the acute toxicity 
of derris powder (9.6 per cent rotenone) 
when fed to rabbits was 5 times that of 
pure rotenone. The acute toxicity of lead 
arsenate when fed to rabbits is 30 times, 
of nicotine 100 times, and of strychnine 
700 times that of rotenone. 

Haag & Taliaferro (1940) found that 
the growth of young male rats was not af- 
fected when cube (4.7 per cent rotenone 
and 19.7 per cent total extractives) was 
administered in food in amounts up to 300 
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parts per million for 150 days. The danger 
of chronic poisoning from the daily con- 
sumption of foodstuffs treated with ro- 
tenone-bearing sprays or dusts is remote. 

Cassil (1941), in an analytical and 
statistical study of derris residue on 
marketable cabbage, has shown that five 
applications of derris-clay dust (1 per 
cent rotenone) at the rate of 20 pounds per 
acre gave an average derris residue of 36.5 

Table 2.—Number of identified families, gen- 
era, and species of Insecta and Acarina against 


which rotenone and the rotenoids have been 
tried, arranged according to order. 





F’AMI- REFER 
ORDER LIES GENERA SPECIES ENCES 

Collembola 3 t + s 
Orthoptera 5 13 1s 19 
Dermaptera l l l } 
Odonata l l 0 2 
Isoptera 0 “ ) 
Corrodentia l 2 4 l 
Mallophaga } S 11 33 
Thysanoptera l 12 25 100 
Homoptera 10 55 9 S41 
Hemiptera 8 $2 6 106 
Anoplura ; 7 10 35 
Coleoptera 29 125 189 £9 
Lepidopt« ra $2 165 214 55 
Hy menoptera 6 29 37 131 
Diptera 19 oH) 79 349 
Siphonaptera } S 10 7 
(carina 12 87 HH) 179 
Phalangida l l l l 

Total 150 549 TS4 2,380 





parts per million before rain. The residue 
dropped to 3.6 parts per million after rain, 
and when the outer leaves had been 
stripped to produce “U.S. No. 1 stripped” 
the residue was only 1.9 parts per million. 
Statistical calculations show that among 
11,600 heads from a single acre, one U.S. 
No. 1 head might be encountered that 
would contain 73 parts per million of der- 
ris (4.1 per cent rotenone, 15.1 per cent 
chloroform extract). 

On the basis of Cassil’s findings it may 
be calculated that a man weighing 154 
pounds (70 kg.) would have to eat about 
110 pounds (50 kg.) of cabbage bearing a 
derris residue of 73 parts per million to get 
an acutely toxic dose. The Bureau of 
Entomology and Plant Quarantine recom- 
mends for the control of cabbage worms, 
the Mexican beetle, and certain 
other vegetable insect pests, a dust made 
from tale or clay and powdered derris and 
containing not more than 1 per cent of 
rotenone. For a man to get an acute toxic 


bean 
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dose of this dust he would have to eat 360 
grams of it. It is doubtful if one could 
swallow this quantity of material even 
with suicidal intent, because one of the 
first effects of derris is vomiting. Derris 
residues on foodstuffs are not a menace to 
health, for three reasons: (1) The amount 
present even immediately following ap- 
plication is small; (2) this residue, small as 
it is, is rapidly reduced by weathering, 
because derris adheres poorly as compared 
with lead arsenate; (3) rotenone and the 
other constituents in the derris are rapidly 
decomposed by exposure to sunlight and 
air and the decomposition products are 
nontoxic. 

Use or RotenoNe AND ROTENOIDS As 
INSECTICIDES.—-Since 1927 the writer has 
been compiling information on Derris, 
Lonchocarpus, Tephrosia, and other plants 
containing rotenone and the rotenoids. 
The data on the effectiveness of these in- 
secticidal principles upon the various 
species of Insecta and Acarina have been 
classified according to the order, family, 
and genus to which these organisms be- 
long. This information is to be published 
in the “E” series of mimeographed publi- 
cations of the Bureau of Entomology and 
Plant Quarantine of the United States 
Department of Agriculture. 

The extent to which rotenone and the 
rotenoids have been tested as insecticides 
is shown in table 2. 

There record in the 
literature of derris against 
Thysanura, although pest-control opera- 
tors have doubtless used preparations 
containing it for the control of silverfish. 

Rotenone and the rotenoids are highly 
toxic to all species of Mallophaga, Ano- 
plura, and Siphonaptera upon which they 
have been tested. Practically all Hymen- 
optera except a few ants are also suscepti- 
ble. The other orders display a wide range 
in susceptibility from family to family and 
even among genera of the same family. 
In the one lepidopterous family Phalaeni- 
dae, why should the maize stalk borer,. 
Fuller), be so suscepti- 
armyworm, Pro- 

resistant to ro- 


seems to he ho 


tests with 


Busseola fusca 
ble and the southern 
denia eridania (Cram. 
tenone? These questions and many similar 


ones are for the insect toxicologist to 
answer. 
More Errective Ways or Usine 


RoTENONE AND THE RovreNotps. —At 
present derris and cube are used mostly in 
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the form of dusts made by mixing the 
finely ground roots with tale, clay, pyro- 
phyllite, or other inert diluent. Dusts are 
also made by impregnating walnut-shell 
flour, pyrethrum marc, or other material 
with extractives from these roots. Liquid 
extracts are made with a water-miscible 
liquid such as acetone if the solution is to 
he added to water, or with a water-im- 
miscible liquid such as ethylene dichloride 
if the solution is to be added to kerosene. 

Liquid extracts containing all the ex- 
tractives from derris or the same extrac- 
tives from which the rotenone has been 
removed are used in preparing kerosene- 
base fly sprays. On account of the low 
solubility of derris extractives, and es- 
pecially of rotenone, in petroleum hydro 
carbons, it is necessary to use a mutual or 
supplementary solvent. A large number of 
liquids have been proposed for this pur- 
pose. Information on this subject, which 
is largely in the patent literature, has 
been abstracted by Roark (1988a, 1940, 
1941). Some suggestions as to possible 
ways in which these products can be im 
proved will be discussed in the following 
paragraphs: 

Dusts Made by Diluting Ground Roots. 
Numerous investigators have shown that 
the particle size of a dust profoundly in- 
fluences its insecticidal efficacy. For ex- 
ample, Siegler & Croodhue 1939) showed 
that fine particles (4 microns diameter) of 
phenothiazine were much more toxic to 
the codling moth larva than were coarse 

$5 microns) particles. On the other hand, 
microns) lead was 
somewhat more effective than fine 
than 2 microns). They tested the materials 
as stomach poisons. 

Little work has been done on the in 
fluence of particle size of dusts on their 
effectiveness as contact insecticides, but 
there is a belief that the finer the dust the 
more effective it is. Fine particles adhere 
to the surface of a leaf or fruit better than 
do coarse particles. Commercial derris and 
cube powders are ground to meet the 
specification of 90 per cent through a 200- 
mesh sleve, It would he possible to pro- 
duce finer powders by the micronizing 
process, but to produce a powder as 
fine as the usual commercial lead arsenate, 
86 per cent of which is smaller than 6 
microns and 69 per cent smaller than 2 
microns, an impregnated dust would h:ve 
to be used. 
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There are several disadvantages to the 
use of a dust made by mixing pulverized 
root and an inert diluent. Derris roots, and 
also cube, timbo, and Tephrosia roots, are 
tough and fibrous and difficult to grind, 
and heavy and expensive equipment is re- 
quired to produce a fine powder. The 
powdered root is not made up of uniformly 
sized particles, and the rotenone content 
of the different-sized particles varies 
greatly. When blown out of a dusting ma- 
chine, the fine and coarse particles of a 
dust separate, that is, the fine particles 
are carried much farther than the coarse 
particles. This is the principle utilized in 
an air-separation mill for segregating and 
regrinding the coarser particles. 

The degree of separation of the dif- 
ferent-sized particles in a dust under field 
dusting conditions is greater than is com- 
monly realized. In the Bureau of En- 
tomology and Plant Quarantine commer- 
cial calcium arsenate has been separated 
into hydrated lime and a fraction high in 
arsenic by means of an air classifier. 
When applied in the field, a dust of hy- 
drated lime and copper sulfate mono- 
hvdrate often separates almost com- 
pletely into its constituents. It would be 
of interest to determine to what extent 
the rotenone-rich and the rotenone-poor 
particles of powdered derris root separate 
under field-dusting conditions, and to 
what extent they separate from the clay, 
tale, or other diluent employed. 

There has been much discussion as to 
whether it is better to use a_ high-ro- 
tenone or a low-rotenone derris in making 
a dust. To make 100 pounds of a 1 per 
cent rotenone dust from derris powder 
containing 10 per cent of rotenone, 10 
pounds of derris powder is required, as 
compared with 25 pounds from a powder 
containing 4 per cent of rotenone. Since 
the ratio of diluent to derris powder is 
9:1 in the first product, and 3:1 in the 
second; it has been argued that a low- 
rotenone root is preferable because of the 
greater proportion of active particles in 
the mixture. Preliminary tests against the 
pea aphid made in the Bureau of Entomol- 
ogy and Plant Quarantine have failed to 
substantiate this theory. Furthermore, as 
pointed out above, all particles of a 
powdered derris root do not contain the 
same percentage of rotenone. 

Recently Wilson et al. (1941), of the 
University of Wisconsin, studied the 
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electrostatic charge produced in the process 
of applying rotenone dusts. They found 
that dusts producing high charges gener- 
ally give a greater mortality of pea aphids 
than dusts producing low charges. Pyro- 
phyllite, flaky tales, caletum carbonate, 
and gypsum produced high 
whereas clay produced low charges. When 
soybean oil was added to dusts, the elec- 


charges, 


trostatic charge could be increased or de- 
according to the diluent used. 
These observations indicate the possi- 


creased 


bility of increasing the effectiveness of 
rotenone dusts by choosing the proper 
diluent and oil or other activating agent. 
Impregnated and Coated Dusts.--Much 
of the experimental work with impreg- 
nated and coated dusts has been done by 
manufacturers of proprietary products. 
In dusts made by mixing the diluent or 
carrier with a solution of the active princt- 
ples in a volatile organic solvent, e¢.g., 
chloroform, and removing the solvent by 
evaporation, every particle is) covered 
with some insecticidal material. Moreover 
the particle size of a diluent such as tale 
can be more closely controlled than can 
that of a powdered root. Hence, an im- 
pregnated dust can be made uniform as 
regards particle size and content of ro- 
tenone and rotenoids on each particle, and 
such a product has many advantages over 
a heterogeneous mixture of inert and ac- 
tive particles of nonuniform = size. In- 
vestigations of impregnated and coated 
dusts seem well worth while. 
Solrents \i ry 
few organic liquids can be used undiluted 


Solutions in Organic 
to spray growing plants or trees without 
causing injury. The petroleum hydro- 
carbons of the paraffin series can be so 
employed provided the dosage is not too 
great. Unfortunately, the solubility of 
rotenone and the rotenoids is high in 
those solvents, such as chloroform, ben- 
zene, and other coal-tar hydrocarbons, 
carbon disulfide, and the esters ethyl for- 
mate and ethyl acetate, which cannot 
safely be applied to living vegetation, and 
low (at ordinary temperatures) in meth- 
anol, ethanol, and petroleum hydrocar- 
solvents that relatively in- 
nocuous to foliage. The solubility of ro- 
tenone has been pretty well explored, and 
there seems little likelihood of finding a 
good solvent that can safely be sprayed 
upon plants. We are foreed to fall back 
kerosene and light lubricating oils 


bons, are 


upon 
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relatively free from phytocidal constitu- 
ents, adding a small quantity of a better 
solvent such as acetone and other ke- 
tones, safrol, high-boiling ethers, dibutyl 
phthalate, alkylphenols, ete. Information 
concerning these is to be found largely in 
patents. Roark (1938a, 1940, 1941) has 
published abstracts of this information. 
The solubility of rotenone in a highly 
refined kerosene can be increased from 
about 0.05 per cent to about 0.20 per cent 
by weight by the use of a suitable sup- 
plementary or mutual solvent. Although 
this increase in solubility seems. slight, 
the extraordinary toxicity of rotenone 
makes results of great practical im- 
portance. Many of the household fly 
sprays and cattle fly sprays on the market 


contain rotenone and the other derris 
extractives, or these extractives from 
which the rotenone has been removed, 


held in solution in a paraffin oil by means 
of such solvents. 

Colloidal Suspensions in Organic Liq- 
When a solution of rotenone in 
chloroform is added to kerosene, the solu- 
bility of the rotenone in the mixture of 
solvents is greater than in kerosene alone 
but much less than in chloroform alone; 
hence most of the rotenone will be pre- 
cipitated in the form of a colloidal sus- 
pension. The phenomenon is the same as 


uids. 


when an acetone solution of rotenone ts 
added to water. Cressman (in corre- 
spondence), for example, has found that a 
suspension of cube resins in oil is just as 
effective against the California red scale 
as a complete solution of cube resins in 
oil. 

There seem to be great possibilities in 
the use of nonaqueous suspensions of this 
kind, and a study of their applicability 
to the control of many insects should pay 
handsome dividends. The great advantage 
of a rotenone suspension in oil over a true 
solution of rotenone in oil is that the con- 
centration of toxicant can thus be vastly 
increased. 

( olloidal Wate v. The 
original method of using derris as an in- 
secticide was to beat the fresh root to a 
pulp in water and then spray the milky 
liquid thus formed upon the plants to be 
protected. Chinese market gardeners in 
the Malay Peninsula employed this pro- 
cedure long before derris was known in 
Europe or America. The first proprietary 
insecticides made from derris were liquid 
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extracts designed to be added to water, 
and this dilution with water precipitated 
the active principles in the form of a col- 
loidal suspension. At present most derris 
sprays are made by suspending the 
powdered dried root in water rather than 
by adding a liquid derris extract to water. 
The liquid extract offers advantages in 
the matter of homogeneity of the spray, 
greater concentration of active princi- 
ples, and superior wetting and penetrating 
properties, but these advantages are off- 
set by its higher cost. There seem to be 
possibilities, however, in the use of im- 
proved wetting, penetrating, and activat- 
ing agents in conjunction with rotenone 
and the rotenoids, and the incorporation 
of all these ingredients in the same solu- 
tion and in the proper proportions ready 
to be poured into the spray tank offers 
many advantages. Research to develop 
better adjuvants for use with derris and 
cube extractives should prove profitable. 
Suspensions in Air (Smokes and Arti- 
ficial Fogs).--Probably the oldest way of 
combating insect pests is the use of smoke 
produced by burning grass or brush. It 
was early found that when cedar wood or 
cedar leaves, tobacco, and other insec- 
ticidal plants were thus burned, the 
efficacy of the smoke was increased. One 
of the first methods of using pyrethrum 
powder was to sprinkle it on a hot stove. 
Cones made of pyrethrum powder, saw- 
dust, and an oxidizing 
potassium nitrate and designed to be 
burned are on the market. Apparently 
derris has never been used in this way, 
although MeIndoo & Sievers (1924) re- 
ported that when derris and cube were 
burned the smoke was effective against 
certain species of aphids. 
Recently Goodhue & Sullivan 


agent such as 


1941), 


LITERATURI 


Cassil, C. C. 1941 
Eagleson, C. 1940. Oil synergist for insecticide. | 
Geoffroy, E. 1892. Sur le Robinia n 
Goodhue, L. D. 1936 

tron of rotenone and deguelin. Assoc. Off 


hold insects. Soap. 17(8): 98-100 


Great Britain Imperial Institute. 1938. The cultivation of Lonchocarpus 


179-85 


Roark: ROTENONE AND RoTEeNOIDS 


Derris residue on marketable cabbage 


691 


of the Bureau of Entomology and Plant 
Quarantine, have investigated the in- 
secticidal possibilities of the smoke made 
by burning derris and of the fog produced 
when a liquid derris extract is sprayed 
upon a heated surface such as an electric 
hot plate. For example, 0.2 gram of ro- 
tenone dissolved in safrol was sprayed 
upon a heated electric hot plate placed in 
an 1,100-cubic foot room. The white 
smoke produced killed 83 per cent of the 
houseflies in the room. 

This method of applying rotenone and 
the rotenoids has enormous possibilities. 
By spraying a solution into the exhaust 
pipe of a tractor or truck, it may be pos- 
sible to control the pea aphid and many 
other insects under field conditions. Nico- 
tine dissolved in mineral oil is applied in 
this way, but the insecticide is in the form 
of a true vapor or gas whereas in the case 
of rotenone and other derris extractives 
which are nonvolatile the insecticide is in 
the form of solid particles suspended in 
air. 

Use of Synergists with Rotenone.—There 
is a growing tendency to use mixtures of 
insecticides. Sesame oil (Eagleson 1940) 
and isobutyl undecylenamide have been 
shown to increase the insecticidal value 
of the pyrethrins when mixed with them 
in solution in kerosene. Other compounds 
are also suspected to act as synergists, 
but the proof is not conclusive. With ro- 
tenone evidence of synergism is not so 
clear cut as with the pyrethrins. The possi- 
ble role of a number of synthetics as 
svnergists for rotenone seems well worth 
exploring. The so-called activating agents, 
such as peanut and soybean oils, and 
Various proprietary wetting and pene- 
trating agents may assist the action of 
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Concentrated Spray Applied With an Autogiro for 
Control of Cankerworms' 
R. R. Warren and Ss. F. Ports, U.S. Department of Agriculture, Bureau of Ent jy and Plant Quarantine, 


and E. H. Francis, Nati 

Since 1921 tests have been made in the 
United States to determine whether de- 
foliating insects can be satisfactorily con- 
trolled in woodland areas by the applica- 
tion of insecticides from the air. These 
have conducted in’ different 
parts of the country with both heavier- 
than-air and dirigible types of airships. 
Previous to 1936 the insecticides had been 
applied in the form of dusts. It is believed 
that the first use of the autogiro in a con- 
trol project was for applying a liquid in- 
secticide over a woodland area in the 
National Historical Park at Morristown, 
N.J., in 1936. That vear a heavy infesta- 
tion of the spring cankerworm, Paleacrita 
rernata (Peck), and the fall cankerworm, 
Alsophila pometaria Harr.), threatened 
serious defoliation to most of the trees in 
this area, and the extensive recreational 


tests been 


( ooperative project between the Bureau of Entomology and 
Plant Quarantine, of the U.S. Department of Agriculture, and 
the National Park Service. of the S. Department } 
Interior. C. L. Griswold, C. H. Hoffmann, W. C. Bake and 


A. E. Lantz, of the Bureau of ntomol 
and George Brady, of the National Park g slualbole 
assistance in the field work 

2 Now in private business 


mal Park Servv 


e, U.S. Department of the Int 

use of this park made it advisable to 
adopt control 
The size and location of the infested areas 
and the limited time available made tt 
necessary to adopt a faster method of 
applying the insecticide than ts possible 
with a truck-drawn sprayer. A privately 
dis- 


measures to these pests. 


owned autogiro was equipped to 
tribute liquid spray and employed for 
most of the park spray programs of 1936 
and 1937. A general description of the 
autogiro spraying in 1936, including data 
on the cost and time consumed, has been 
published Francis 1936). This paper 
presents data on the comparative larval 
feeding and mortality obtained in dusting 
with the autogiro, spraying with the auto- 
giro, and spraying with a truck-drawn 
sprayer, as well as data on the spray dis- 
tribution and adherence obtained with the 
two types of sprayers. 

Apparatus.-The 
ratus used on the autogiro in 1936 is de- 
scribed by Francis (1936). This apparatus 
consisted of a 54 gallon tank mounted in 
the front cockpit of the autogiro. Krom 


distributing appa- 
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this tank the spray mixture was con- 
ducted by gravity to two dispersing units 
mounted on the undercarriage back of the 
propeller. Each dispersing unit was ro- 
tated by a small 4-bladed propeller, which 
in turn was driven by the ship’s. slip 
stream. The spray mixture entered a hol- 
low collar around the shaft of this small 
propeller and was conducted back by a 
screw and discharged into revolving baffle 
plates constructed at right angles to the 
shaft and separated by metal strips ex- 
tending radially from the periphery of 
these plates nearly to their center. Atom- 
ization was accomplished by a film of 
the fluid flowing at high speed to the edge 
of these plates, owing to centrifugal force, 
and then striking a blast of air acting at 
right angles (Fig. 1 





| IK | spray dispe rsing apparatus tises 


on autogiro in L956 


In 1937 only one dispersing unit was 
used and it Was attached to the center of 
the undercarriage of the ship. Atomization 
of the spray was improved by the use of a 
10-bladed propeller, which had = greater 
speed and power for turning the atomizing 
plates than the one previously used (Figs. 
2 and 3). An agitator, powered by wind 
cups, was attached to the reservoir tank 
to prevent settling of spray materials 
while the ship was in flight. These changes 
did not reduce.the width of the effective 
swath. 

The truck-drawn sprayer was of a high 
pressure type designed for use on wood- 
land and shade trees. It had a tank ea- 
pacity of 400 gallons. The sprayer was 
capable of developing 700 pounds’ pres 





Fic. 2.—Spray dispersing apparatus used 
on autogiro in 1937. 


sure. The spray mixture was agitated con 
tinuously during operations. 

InsecticipeE Mixtures.—For use in 
the autogiro a spray mixture is required 
which will remain fluid while in the tank 
and moist when finely atomized by the 
distributing unit, and which will adhere 
well to the foilage (Potts 1939). It is also 
desirabie to reduce the ineffective in- 
gredients to a minimum in order to de- 
crease the weight of the material. The 
most satisfactory combination for this 
particular problem consisted of 200 
pounds of acid lead arsenate, 10 gallons 
of fish oil, 6 quarts of light paraffin oil, and 
70 gallons of water. The paraffin oil pre- 
vented the spray from drying before it 
reached the foliage. The spray was applied 
at the rate of about 22 pounds of lead 
arsenate per acre. 

\nother spray used in the autogiro was 
a proprietary colloidal lead arsenate con- 
taining lead arsenate equivalent to 11.5 
per cent of metallic arsenic. It was ap- 





Fic. 3 \utogiro as equipped to distribute con 
centrated liquid spray in 1937 
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plied at the rate of about 3.6 pounds per 
acre. 

The mixture used in the truck-drawn 
sprayer contained 5 pounds of lead arse- 
nate, 20 ounces of fish oil, and 100 gallons 
of water. This material was applied at the 
rate of about 27.5 pounds of lead arsenate 
per acre. 

The dust mixture lead 
arsenate impregnated with 14 per cent by 
weight of heavy paraffin oil. [It was ap- 
plied at the rate of about 38 pounds per 
acre 


consisted of 





d lar i¢ 


catch frass and de 


used to 


that fell from the tree 


Metuops. 
established — in 
areas treated by means of the autogiro 
and the truck sprayer and in an untreated 
area. The trees in these areas ranged from 
50 to 90 feet in height. 

To determine the amount of feeding 
and the mortality, daily collections were 
made of the frass and the dead larvae that 
fell from the trees into trays. The trays 
were yvard-square wooden frames with 
cloth bottoms and were placed at random 
in each plot and in sufficient number to 
cover 1 per cent of the ground area. In 
order that they would be kept level and 
off the ground, the corners were nailed to 
wooden stakes driven into the ground 

Fig. 4). Each sample of frass was cleansed 
of foreign matter, desiccated, and weighed 
to the nearest milligram. 

To obtain information on 
tribution and 
principal species present were selected at 


| It J lray 


Small sample 
representative 


pl ts were 
parts of 


spray dis- 


adherence, trees of the 


random in each plot, and leaf samples 


EcONOMLE 





Vol. 4, No. 5 


ENTOMOLOGY 


were taken from the top, middle, and 
base of each tree immediately after treat- 
ment and again after several inches of 
rainfall. The areas of the leaf samples 
were measured with a planimeter, and the 
samples were then digested and quantita- 
tively analyzed for total arsenic trioxide 
hy the Gutzeit method. 

In 1936 two daily frass collections were 
made prior to treatment to measure the 
comparative infestation in the plots, but 
in 1987, owing to the earlher time of 
treatment, data could be ob- 
tained. 

The experimental plots used in 1936 and 
1937 are described in table 1. 


such not 


Table 1.—Description of plots used in experi- 
ments with autogiro and truck-drawn sprayers. 
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I wu ) 
Resuuts. Infestations in the different 


plots prior to treatment in 1986 are given 
as follows on the basis of an average dry 
weight of frass per tray in the check plot 
equal to 1: Plot 1, 1.1: plot 2, 1.8; and 
plot 3, 1.4. According to the data from the 
trays, cankerworm infestation was much 
lighter and 1937. An 
examination of cankerworm egg masses by 
C. WH. Hoffmann and C. L. Griswold® in 
1937 revealed a high mortality, which 
may partly account for the sudden drop 
in degree of infestation 

Since cankerworm infestation in_ the 
Morristown National Historical Park was 
variable in 1937, ¢ Xp rimental plots were 
of conditions 


more variable in 


not always representative 
over entire areas. Therefore the results on 
larval feeding and mortality are given for 
1936 only Fig. 5). From general observa- 
tions, however, it Is believed that there 
was no significant difference between the 
results for the two vears. 

Although fig. 5, A and C, shows con- 
siderable control effected with the lead 
arsenate-oil impregnated dust, the diff- 


Unpubl 
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culties encountered in its application, 
such as drifting of the dust cloud and 
loss of dust from the foliage by wind, pre- 
vented this treatment from being entirely 
satisfactory. 

It will be noted, figure 5, D, that there 
was more than 13 times as much feeding 
in the check plot as in the autogiro- 
sprayed plot and over 4 times as much 
feeding in the truck-spraved plot as in the 
autogiro-sprayed plot. These figures are 





These data have been limited to the re- 
sults of 1937, since the foliage samples 
taken in 1936 were so heavily fed upon it 
was found impossible to determine their 
area. It is believed, however, that the 
results of 1937 were very similar to those 
of 1936. 

In the plot treated with the autogiro 
spray deposition was about the same as in 
that treated with the truck apparatus. 
Adherence, however, was considerably 
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Fic. 5.—Comparative larval feeding and mortality 


autogiro-spraved, tr 


significant when it is remembered that the 
frass recovery from. these plots prior to 
treatment indicated a heavier infestation 
in both the truck-spraved and autogiro- 
sprayed areas than in the check area. As 
shown in fig. 5, B, more dead larvae were 
recovered ino the autogiro-sprayed plot 
than in either the check or truck-sprayed 
plots. This is probably accounted for by 
the better spray coverage on the tops of 
the trees spraved by the autogiro. 

In general these results were found to 
be in agreement with those of similar 
studies by Hamilton (1938). 

Data on spray adherence and distribu 
tion are presented in tables 2 and 3 


! 
uck-spraved, 








in autogiro-dusted and check areas (A and C) and in 


and ‘ hee k areas B and D 


better, probably because of better atom- 
ization and a greater proportion of fish oil 
to lead arsenate. The low deposit in the 


Table 2.—Adherence of insecticides to leaves 
sprayed with autogiro and truck-drawn sprayers, 
1937. 





PouNps oF AVERAGE AVERAGE 
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ARSENATE or ARSENK Deposit Lost 
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\utog sprayed 
Cor ! ited 
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plot sprayed with colloidal lead arsenate 
is undoubtedly responsible in part for the 
low mortality obtained in this area. 


Table 3.—Distribution of insecticides on trees 
sprayed with autogiro and truck-drawn sprayers. 





PERCENTAGE or Torat 
Deposit ON FoLtow ine 
Parts or THE TREE Crow: 
TREATMENT lop Middle Base 
\utogiro-spraved 
concentrated mixture iT > 
Prock spraved 16 tS an 





The autogiro showed advantages over 
the truck sprayer in giving a better de- 


posit: on the top of the forest canopy, 
where much of the larval feeding occurs. 
In regard to the comparative cost of 


19386 


the two types of spraving Francis 

states that autogiro spraying cost 87.23 
LO0)- 

per 


per acTe, whereas spraving with al 
gallon cost S14.55 
acre. 

SumMary.—In 1936 and 1987 compara 
tive tests on the control of the spring 
cankerworm laleacrita Peck), 
and the fall cankerworm .1lsophila pome 
Harr.), were made in the National 
Park at Morristown, N. J 
These tests included the treatment of 
large woodland tracts with a 
trated spray mixture of lead 
fish oil, paraffin oil, and water; a lead 
arsenate dust impregnated with paraffin 


pow r sprave r 


rernata 


faria 
Historical 


eonceen 


arsenate, 
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senate spray. All were applied with a 
specially equipped autogiro. In contrast 
to these tests certain areas were left un- 
treated and other areas were treated with 
a standard lead fish oil, and 
water spray applied with a high-pressure 
outfit drawn by a truck 

To determine the comparative feeding 
and kill of cankerworm larvae following 
the different treatments, samples were 
taken of the frass and dead larvae falling 
from trees in each observation plot. Yard- 


arsenate, 


square cloth trays were placed at random 
and in sufficient per 
cent of the ground area in each plot. 

The comparative spray distribution and 
adherence in these plots was obtained by 
collecting and analy zing, before and after 
rain, leaf samples from the top, middle, 
and base of trees selected at random. 

The results showed a marked reduction 
feeding in the areas 
lead arse- 


number to cover ] 


amount of 
the concentrated 


in the 
treated with 
nate spray by means of the autogiro. This 


reduction was probably due to the im- 
proved coverage in the tops of the trees 
and to the improved adherence of the 


spray, apparently because of better atom- 
ization and an increased amount of fish oil 
per given quantits of lead arsenate. In all 
respects treatment by the autogiro com- 
pared favorably with that by the truck- 
drawn spraver, and the cost per acre was 
less. 
Although 
tained in the area dusted 
giro, some difficult, 


measurable control was ob 
with an auto- 


was encountered in 


oil; and a proprietary colloidal lead ar regulating the drift of the dust. 5-19-41. 
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An Infestation of the Pandora Moth, Coloradia pandora 
Blake, in Lodgepole Pine in Colorado 


N. D. Wyeanrt, 


An infestation of the pandora moth, 
(oloradia pandora Blake,' in pure stands 
of lodgepole pine, Pinus contorta latifolia 
Engelm., was discovered during August 
1937 in the Arapaho National Forest in 
north-central Colorado. During 1938 and 
1939 limited studies were made in that 
area on the life history and habits of the 
moth, as this was the first record of it 
reaching epidemic proportions in lodge- 
pole pine and nothing Was known about 
its biology in the Rocky Mountain Re- 
gion. 

| p to the time of the discovery of the 
Colorado infestation — this was 
known chiefly as a pest of ponderosa pine, 
Pinus ponde rosa Lawson, and Jeffrey pine, 
P. jeffrey: Greville and Balfour. Patterson 
1929) states that in south-central Oregon, 
where thousands of acres of ponderosa 
pine were defoliated from 1918 to 1925, 
the insect reaches epidemic proportions 
at intervals of 20 to 30 years. In this area 


insect 


lodgepole pine was defoliated only when 
it occurred in stands with ponderosa pine. 
He also that infestations 
have been recorded in only two localities, 


states severe 
namely, south-central Oregon in ponder- 
osa pine and south-central California in 
Jeffrey pine 

Nature or INgury. 
classes of injury which may result from 
feeding by the larvae. Defoliation may be 
so severe as to kill the trees directly, it 
may so weaken the trees that they are at- 
tacked and killed by barkbeetles, or it 


may result in decreased increment for a 


There are three 


number of vears before the trees recover. 
The larvae feed in all stadia indiserimin- 
ately on the needles, but the heaviest 
feeding oceurs during the third, fourth, 
and fifth stadia, approximately from May 
16 to July 15. 
DISTRIBUTION AND 
SOUTHERN Rocky MOUNTAINS. 
dia pandora was described by Blake (1868 
from a female moth taken in the vicinity 
of Pikes Peak, Colo. Recent collection 
points known to the writer in the southern 
Rocky Mountains in addition to the Ara- 


Detern tion bw J. FL G. Clarke, Division of Insect Ident 
heation, Bure Entomology and Plant Q tine, | 
Dep Smment \v ’ e. Washingtor Ip ¢ 


INJURY IN THI 
(‘olora- 
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paho National Forest have been Rocky 
Ford, Estes Park, and Ward in Colorado, 
and near Jacobs Lake on the Kaibab Na- 
tional Forest in Arizona. The species ap- 
parently is widespread in this region, but 
up to the present was considered to be of 
little importance. 

The infestation in 1939 covered ap- 
proximately 100,000 acres on the western 
slope of the Continental Divide north of 
Hot Sulphur Springs, Granby, and Taber- 
nash, Colo. Complete defoliation occurred 
in only 6 or 8 areas of 40 to 80 acres in size 
on the southern exposure on the East 
Fork of Troublesome Creek and Buffalo 
Creek drainages, 8,500 to 9,000 feet in 
elevation (Fig. 1, C). A survey in these 
areas during the latter part of August 
1939 revealed that aprpoximately 4,000 
trees had died as a result of the defoliation 
in 19387. Many heavily defoliated trees 
failed to put forth new needle growth in 
1938 and 1939, but they had not yet died 
at the time of the survey. A less severe 
center occurred between Meadow Creek 
and Trail Creek on Strawberry Ridge 
north of Tabernash, Colo. 

The confinement of heavy defoliation 
to southern aspects is apparently due 
either to temperature or soil conditions or 
to both. The southern slopes are warmer 
and the soil on these sites is composed of 
loose granite and is relatively free from 
duff and litter. The caterpillars seek these 
loose mineral soils for pupation. The 
northern slopes by contrast are colder and 
are generally covered with duff and litter. 

Lire Hisrory.-The biology of the 
pandora moth on lodgepole pine in Colo- 
rado is very similar to that found by 
Patterson (1929) working with the form 
on ponderosa pine in Oregon and Cali- 
fornia. The following is a brief resume of 
its biology in Colorado with mention of 
its variations from the West Coast form. 

The average wing spread of 23 males 
was 75 mm. and of 37 females 81.5 mm. 
Fig. 1, A and B), as compared with 85 
and 96 mm., respectively, for the West 
Coast form. 

The pandora moth normally has a 2- 
vear life evele, the adults emerging in the 
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even years. The peak of emergence occurs 
in the first half of July, but a few strag- 
glers continue to appear throughout the 
summer. The moths from the 
pupae in the soil and crawl up trees and 
other objects before their wings expand. 
The males are attracted to the females and 
often copulate before the wings of the 
females have expanded or dried. Females 
with dry unexpanded wings were of com- 
mon occurrence, but this abnormality did 
not prevent mating and egg laying. The 
early flights of the females are of short 
distances, such as from the ground to a 
nearby tree or from branch to branch of 
the same tree. The males are better fliers 
than the newly emerged females, probably 
because the females are heavily laden with 
The abundance of adults during 
July 1938 is indicated by a count on a 
tree 8 inches in diameter and 25 feet high. 
On this tree there were 176 males and 126 


emerge 


eggs. 


females. 

The blue neon lights in the towns of 
Granby and Hot Sulphur Springs, which 
were approximately 11 miles from known 
infestations, attracted numerous females 
and an occasional male during July and 
early August 1938. It is possible, however, 
that the adults came from unknown infes- 
tations nearer the towns. Each morning 


Table 1.—Head measurements of Coloradia 
pandora larvae. 
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the dead moths were heaped beneath the 
lights by the bushels. The moths probably 
were migrating or in flight and were at 
tracted to the lights when passing over 
the towns. Patterson (1929) in the studies 
with the pandora moth in southern Ore 
gon found the insects to be strong fliers 
and strictly diurnal. He stated that the 
moths were not found active at night nor 
could they be attracted to lights displayed 
in the forest. 

The males apparently are short lived 
and do not migrate from the infestation 
area. This is indicated by the fact that 
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only an occasional male was attracted to 
the lights and only 15 per cent of 232 dead 
moths counted : the 


beneath 3 trees in 
August 38, 


center of the infestation on 
1938, were females. Observations indicate 
that the two sexes emerge from the pupae 
in about equal number. 

The eggs develop in the pupae in the 
spring. The eggs, some of which may be 
laid the first day the moths emerge, are 


Table 2.—Percentage of Coloradia pandora of 
each instar at various collection dates. 
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deposited singly or in clusters of 2 to 50, 
principally on branches, needles, and tree 
trunks (Fig. 1, D and E). The incubation 
period was not accurate ly determined but 
it appeared to be approximately 40 days, 
the period determined hy Patterson. Very 
few of the eggs in the field failed to hatch. 


The number of 97 


average eyes in ‘ 
females collected on July &, 1938, that 
had not oviposited was 155.1, with a 


range of from 109 to 187. The moths de- 
posited most of their eyys before making 
long flights, as indicated by the fact that 
the average number of eggs in 50 females 
collected ata blue neon hight in Crranby, 
August 2, 1988, was 19.7, with 
a range of from 0 to 97 

The eggs began to hatch during the first 
part of August and hatching continued 
throughout the summer. By August 26 
approximately 50 per cent had hatched 
and by the last of September only a few 
remained unhatched on the north expo- 
SuUres. The larvae were gregarious during 
the first stadium, but during the second 
stadium seldom more than four could be 
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Fic. | (oloradia pandora Blake: A, male moth (0.9); B, female moth (0.9); C, defoliated lodgepole 
pine; D, eggs on terminal shoot; E, egg cluster (2); F, lateral and dorsal view of early fifth instar (X 1.5); 
G, pupa in cell (<1); Hl fifth instar killed by wilt disease; I, shriveled larva that failed to enter soil; J, 


mature larvae killed by soil-surface heat. 


found in a group. The larvae overwintered 
on the branches at the base of the needles 
mostly in the second stadium with a few 
in the first and third stadia. They resumed 
feeding approximately the first of May 
1939. Feeding was negligible each day 
until temperatures were above 60° F. By 


the last of June all had reached the fifth 
and last stadium (Fig. 1, F). The larvae 
began to enter the ground to pupate 
about July 7, 1938. By the last of July all 
had pupated except a few stragglers. 
The various instars are distinguishable 
in the field by their relative sizes. Table 1 
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shows the width of the head capsules of 
the five instars and table 2 the relative 
proportions of the instars at various col- 
lection times during the larval stage. 

Most of the larvae pupate in loose ex- 
posed mineral soil at a depth of 1 to 4 
inches in cells sometimes lined with a thin 
layer of silk (Fig. 1,G). A few, however, 
enter the soil beneath litter and rocks. 
The pupae form within 24 hours after the 
larvae enter the soil. For unknown rea- 
sons very poor emergence was obtained 
from pupae collected and placed in rear- 
ing cages. The pupae ordinarily remain 
in the soil one winter only and the adults 
emerge the following July. A small pro- 
portion remained in the soil through two 
winters and the adults emerged during 
July 1989. This makes a 3-year life evele 
instead of the usual 2-year cycle. On the 
Kast Fork of Troublesome Creek as many 
as 10 pupae per square foot were found 
during the fall of 1938 that ordinarily 
should have produced moths the preced- 
ing summer. On the Buffalo Creek drain- 
age the highest number of holdovers in 
any area examined was 4 per square foot. 
The moths from holdovers were 
common throughout the area in July 
1939, but the numbers were negligible as 
compared with those which emerged in 
1938. 

NaturaL Controu Factors. —Exten- 
sive and severe defoliation was expected 
during the spring of 1939, but natural 
control factors reduced the population so 
that very little defoliation occurred. 

Winter Mortality: Mortality of the lar- 
vae during the winter of 1988-39 reduced 
the population by at least 50 per cent. 
the larvae overwinter on the 
branches, they are subject to rigorous 
winter weather and to predators. Accord- 
ing to inhabitants near the area it was one 
of the coldest winters in history. An unoffi- 
cial temperature of minus 40° F. 
posedly registered in Hot Sulphur Springs, 
which is in a valley below and approxi- 
mately 11 miles distant from the infesta 
tion. 

Walt Disease: \ wilt disease was first 
noticed in the infestation on June 15, 
1939, and subsequent to that date became 
more prevalent. The larvae affected 
turned orange brown and their body con- 
tents became liquid (Fig. 1, H). In this 
state the body wall ruptured very easily. 
The diseased larvae had a tendeney to 


these 


since 


Was sup- 
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crawl out on the terminal branches before 
they died. On two trees artificially in- 
fested with 100 larvae each there was a 
mortality of 62 per cent on one and 58 per 
cent on the other between June 8 and 
July 14, 1939. It is believed that a com- 
parable mortality resulted throughout the 
infestation. 

Diseased larvae sent to S. R. 
Dutky' who reported as follows: 

“T have made microscopic examination 
of the remains of the dead pandora moth 
larvae. Although the larvae were too de- 
composed to permit any very definite con- 
clusions to be drawn, it would seem, from 
the lack of bacteria or other organisms in 
the cadavers, that the larvae died of 
causes other than microbial infeetion. In 
all but one case not more than two bae- 
terial cells per field were observed a very 
small number considering the advanced 
state of decomposition 

“In all specimens al 
small, refringent, sphac roidal bodies were 


were 


large number of 
observed which appeared to be of erystal- 
These were studied for their 
solubility. in 


line nature 
behavior toward fat 
concentrated nitric acid, and appearance 
under polarized light, and staining reac 
tions. The bodies did not stain with to- 
dine, Sudan ITT, methylene blue, or pieric 
acid, were insoluble in cold concentrated 
nitric acid, and were not doubly refract- 


stains, 


ing (appeared dark under crossed po- 
laroids). From their appearance and 
reactions, it appears likely that they might 
he ‘polyhedral’ bodies and it is possible 
that the death of the 
larvae might to a poly- 
hedral virus disease no tissue cells 
or blood cells were found intact at the 
time of examination, it was not possible 
to determine the origin of these refringent 
bodies which were present in large num- 
bers in all of the nine specimens sent. In 
whether these bodies 


disease and 
have been cline 


Sine 


wilt 


order to determine 
originated in the nuclei and are associated 
with the exciting cause of the disease, it 
would be necessary to examine a number 
of larvae, preferably living larvae 

“It appears likely to me that the dis- 
ease present among the larvae will prove 
to be a polyhedral virus disease, but in 
order to make a diagnosis of any certainty 
it will be necessary to have opportunity 

Phe writer is greatly indebted to S. R. Dutky, of the M 
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to examine living larvae and to attempt 
infection tests.” 

Heat and Drought: During July 1939 
heat and drought had very deleterious 
effects on the larvae trying to enter the 
soil to pupate. The July of 1939 was one 
of the driest and hottest in the history of 
the area. The larvae usually seek loose, 
exposed, mineral soils in which to pupate, 
and such spots usually receive the direct 
ravs of the sun. Although air tempera- 
tures. as measured in a Weather Bureau 
type of instrument shelter, were never 
above 90° F., soil-surface temperatures at 
times became very high. At the elevation 
of the infestation, approximately 9,000 
feet. the sun is intense. On July 11 at 
10:30 a.m. the soil-surface temperature 
beside a larva that had just died was 138 
and one-half inch below the surface 135 
On the same afternoon at 2:30 p.M., just 
after a larva had successfully entered the 
soil, the temperature at the surface was 
102° and the temperature just below the 
surface 100°. On July 18 at 10:45 a.m. 
the temperature at the surface where sev- 
eral larvae had died 142° and one- 
half inch below the surface 124°. 
When exposed to such high temperatures, 
the larvae become very active for a few 
minutes and then become inactive and die 
Fig. 1, J). The mortality at this stage 
may not all be caused from heat alone. 
Sometimes the larvae got half to nearly 
all of their bodies buried and hit an ob- 
struction. The would then seek another 
\ number of 
larvae were observed which apparently 


Was 
Was 


spot and start digging again 
. 
died from exhaustion. 

The number of dead larvae on the sur 
face and the number of live pupac in the 
soil were counted on eight sample plots, 
each of 36 square feet of soil surface, on 
July 14 and 15, 1989. The samples were 
taken in areas where the mineral soil was 
exposed and of the tvpe preferred for pu- 
pation. The lowest) mortality in_ the 
samples was $4 per cent and the highest 
Table 8). The average mor 
tality was 43 per cent. 

In August 1987 the ground was cov- 
ered dead 


dO per cent 


with larvae at 
their death was attributed to the action 
of heat before they could dig into the soil. 
The larvae at that time were greatly 
shortened or hall shaped and appeared 


to have reached the prepupal stage, and 
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many of the 
spots selected for pupation. At that time 
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probably died because they were unable 
to enter the soil (Fig. 1, I). The dead 
larvae-on the surface during July 1939 
were dried and flattened and not ball 
shaped. 

Predators: During the fall of 1937 it was 
evident that squirrels and bears were de- 
stroying many of the pupae. The bears 
had overturned many flat stones and the 
squirrels had dug small cone-shaped holes 
in the ground in search of pupae. Animal 
feces composed almost entirely of pandora 
moth eggs were found in July 1938. No 
birds have been observed feeding on the 
caterpillars. 


Table 3.—Mortality of Coloradia pandora lar- 
vae entering the soil. 





NUMBER NUMBER PER 
SAMPLE or Live or Deap CENT 
No Pupat LARVAE Mortatiry 

| 9 7 tt 
4 10 12 35 
25 28 53 
} 72 7 4 
d oe? 27 5 
6 16 $2 +1 
7 +] 39 9 
s 19 Is 9 
Total 255 200 42 





Samples made on July 14 and 15, 1939, each 36 square feet. 


Parasites: The pandora moth in this 
infestation has been unusually free from 
parasitization. Several specimens of .{ pan- 
teles sp. were reared, and these were from 
a single larva. Patterson (1929) reared 
two species of egg parasites and two spe- 
cies of larval parasites from the pandora 
moth in southern Oregon. 

SumMARyY.— An infestation of the pan- 
dora moth in lodgepole pine on the Ara- 
paho National Forest in’ north-central 
Colorado was discovered in August 1937. 
This is the first known record of the in- 
sect’s building up to epidemic proportions 
in pure lodgepole pine stands. 

In 1938 and 1939 general observations 
and limited studies were made in the area. 
The insect has, as a rule, a 2-year life 
eyele, but a few individuals remained in 
the pupal stage an extra year, making it 
a 3-year life cycle. The main emergence of 
the moths occurs in July of even years. 
The moths mate and lay eggs very soon 
after emergence. The eggs hatch in about 
4) days. The larvae go through five 
stadia. They pass the first winter in the 
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second stadium on the twigs and reach 
maturity the following July. They then 
pupate in cells in loose mineral soil, at a 
depth of 1 to 4 inches, where they pass the 
second winter. The eggs form in the pupae 
in the spring and the moths emerge in 
July. 

The epidemic had the aspects of becom- 
ing very serious until 19389, when natural 
control factors greatly reduced the popu- 
lation. There was at least a 50 per cent 
mortality of the larvae during the winter 
of 1938-39, probably from low winter 
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temperatures. A wilt disease killed ap- 
proximately 60 per cent of the remaining 
larvae in the fourth and fifth stadia in 


June and July 1939. The affected larvae 


turned orange brown and their body con- 
tents became fluid. At the time the larvae 
were entering the soil, July 1939, ap- 
proximately 43 per cent of the remaining 
population were killed by the effects of 
heat and drought. Only one species of 
parasite, Apanteles sp., was reared. Bears 
and squirrels fed upon the pupae.—-7-23- 
tl. 
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Cold Hardiness of Two Species of Bark Beetles 
in California Forests 


J.S. Yur, U.S. Department of Ag 


During past vears reports of high mor 
tality in bark beetle populations following 
periods of extreme cold have come from 
various parts of the country. Such redue- 
tion in the numbers of overwintering 
broods, of course, has a highly important 
bearing on the planning and directing of 
control operations. Consequently, when 
it was found that the abnormally low 
temperatures during the winter of 1982 338 
had adversely affected overwintering 
broods of the western pine beetle, Den 
droctonus Lec., from central 
California to Canada and into Montana, 
the greater portion of its natural range, 
Keen and Furniss (1937) made an exten- 
sive study in the pine forests of eastern 
Oregon to determine the conditions under 
which winter killing of this species takes 
place. They reported that extensive mor- 
tality can be expected to result from the 
periods of extremely cold winter weather 
that irregular intervals of ap- 
proximately 10 years, but that the amount 
of killing varies considerably with local 
temperature conditions in different areas, 
bark thickness and moisture content of 
the infested trees, and other factors. 

This paper reports the results of a con 
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current study carried on in California to 
determine the direct effect of low tem- 
peratures on bark beetles under controlled 
laboratory conditions. This investigation 
is a continuation of work initiated by 
Miller (1981) and includes 
the western pine beetle and the mountain 
pine beetle, 
Hopk., the two most 
enemies of standing timber in the Cali- 


as subjects 
Dy ndroctonus monticolae 
Important insect 
fornia region. The exp riments were car- 
ried on over a period of 4 vears, during 
which some 60 tests were made and a total 
of approximately 25,000 larvae were used. 
For the sake of brevity, results of only a 


few representative tests have been in 
cluded in this paper. Investigation was 


limited to the fourth (last) instar of both 
species, for it is principally in that stage 
that the winter is passed. The work was 
directed toward answering the following 
questions 

1) What temperatures are fatal to the 
larvae of these two species, and are the 
same temperatures fatal at all times of the 
year? 

2) How must 
temperature exist to cause mortality? 

$3) Are the larvae of the same species 
more cold hardy when developing in one 
host than in another? 


long it period of low 
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The last question arose only In connec 
tion with the mountain pine beetle, for 
the western pine beetle ts found only in 
one host, ponderosa pine, in the commer 
cial timber belt. 

VMIATERIALS AND Metuops. -Western 
pine beetle larvae were obtained from 
naturally infested trees in the forest. 
Mountain pine beetle larvae, on the other 
hand, were obtained by inducing attacks 
of eaged adults on small, freshly cut logs 
of sugar pine, Pinus lambertiana Dougl., 
ponderosa pine, P. ponderosa Laws., and 
lodgepole pine, P. contorta Loud. 

In tests to determine the effect of the 
host on cold hardiness each lot of host 
material was subjected to the same cli 
matic conditions during de velopment of 
the larvae 
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cell 


hardine ss 


iffin holder used in testing cold 


f bark beet le rvie 


Since the insulating effect and moisture 
content of the bark presented variables 
that could not be evaluated, larvae were 
removed from the host material and 
placed in individual open cells moulded 
in a layer of paraffin in the bottom of a 
petri dish (Fig. 1). Lots of 50 to 100 larvae 
were used for each temperature point, or 
period of exposure, whenever possible, al- 
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though in a few cases smaller numbers 
were employed. Exploratory tests demon- 
strated that, for purposes of comparison, 
an exposure of 2 hours plus an allowance 
of 15 minutes for cooling of the petri dish 
gave a satisfactory measure of cold 
hardiness. This period therefore 
adopted as standard in all tests except 
those involving the effect of various pe- 
riods of time at different lethal tempera- 


was 
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Fic. 2 Cold hardiness of western pine beetle 
larvae, showing the distinct summer and winter 
phases. The dates given on each curve indicate 


when the test was made. 


tures. All exposures were made in a well- 
type mechanical refrigerator having an 


operating range of 25° to —25° F. 
Tests with Western Pine BEETLE 
Lanrvar.— The temperatures fatal to lar- 


vae of Dendroctonus brevicomis were found 
invariably to lie within certain fixed 
limits. These limits, however, were not 
found to be the same throughout the 
year, but fell into two distinct phases, 
which, for convenience, have been desig- 
nated as the summer and winter condi- 


tions. Under the summer condition the 
critical temperature range was 10° to 
2.5° F. and under the winter condition 


5° to —7.5° (Fig. 2). 

In areas where fatal low temperatures 
occur there are two generations, and some- 
times a partial third generation, of this 
species each year. In the first, or early 
summer, generation the summer condi- 
tion prevails without change. In the sec- 
ond and third, or overwintering, genera- 
tions the larvae are in the summer condi- 
tion during warm weather; the least 
hardy individuals are killed by tempera- 
tures of approximately 10° F. and the 
most hardy die around zero to —2.5°. 
This critical range remains at the same 
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level until the beginning of cool weather 
late in October or early in November, 
when within 6 weeks or less cold hardiness 
increases to the winter condition. Once 
the transition from the summer to the 
winter condition is made, the degree of 
cold hardiness again stands at a constant 
level until the larvae pupate in the spring. 
Variations may occur at intermediate 
points, but the upper and lower limits of 


Table 1.—Effect of conditioning temperatures 
on cold hardiness of western pine beetle larvae. 





CONDI 
Col PIONING CONDI 
LECTION PevrPer PIONINE CRITK 
Dart rURE PERIOD RANGE 
Degrees I Day Degr / 
Dec 1oS4 Check 0 > to 7.5 
70 r 1.oto ’ 
an ’ t ) 
Mar. 1986 (Check 0 ) t 5 
6 s ) 
Nov 19337 (heck i) 1 t 2.0 
& > , =e 1.3 





the critical range evidently remain fixed. 
It also appears that the level of resistance 
developed each winter is always the same 
whether the season is mild or severe. 
Several attempts were made to change 
the cold hardiness of both overwintering 
generations by subjecting them, in the 
bark, to several combinations of tempera 
tures above and below the developmental 
threshold. Sample lots of larvae, to be 
used as checks, were not subjected to con- 
ditioning temperatures, but were tested 
for cold hardiness at the beginning of each 
experiment as they came in from the field. 
\s shown in table 1, appreciable change 
in cold hardiness could be induced only 
in the case of larvae collected in Novem 
ber, which had just begun the transition 
from the summer to the winter condition. 
The slight cold hardiness 
shown for the larvae collected in Decem 
ber was probably due to inherent varia 
tion in the resistance of individual larvae 
and to experimental error. Apparently 
factors other than temperature alone are 
required to initiate a change in cold hardi- 
ness in this species, and, as the larvae of 
the mountain pine beetle were discovered 


decrease in 


to be much more responsive to changes in 
environmental temperatures, all further 
experiments on conditioning were carried 
on with that species. 
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As pointed out by Payne (1927). there 
are two factors to be considered in study- 
ing the lethal effects of low temperatures, 
as follows: (1) The intensity factor, or 
temperature points, to which the organ- 
ism is subjected and (2) the time factor, 
or length of the exposure, at a given point. 
To test the role of the second factor, over- 
wintering larvae of the western pine beetle 
were held for various periods at points 
within and just above the critical range. 
The results of these tests are shown in 
table 2 and figure 3. 

The exposure period required for mor- 
tality was not the same at all lethal tem- 
peratures tested. At +7.5° F., a point just 
above the eritical range, mortality was 
little higher for exposed larvae than for 
unexposed larvae, even the ineli- 
viduals were held 4 days When larvae 
were subjected to a temperature of zero, 
within the upper critical range, however, 
the mortality definitely increased with 
increasing exposure time. The death rate 
increased rapidly up to 2 hours and then 


when 


continued to rise more gradually up to the 


Table 2.—Effect on western pine beetle larvae 
of various periods of exposure at temperature 
points within and above the critical range. 
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seventh or eighth day, after which it flue 
tuated between 75 and 90 per cent until 
the experiment terminated on the 
eighteenth day. In addition to increasing 
the mortality, prolonged exposures at 0 
degrees had a pronounced inhibitory effect 
on the subsequent development of the 
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survivors, for none of the larvae that were 
alive after an exposure of 6 days or more 
were able to reach the pupal stage when 
returned to developmental temperatures. 
In the lower portion of the critical range 
the exposure period again assumed a 
minor role. At —7.5° practically all indi- 
viduals were killed by exposures of only 
1 or 2 hours. In general, then, it seems 
that for western pine beetle larvae the 
length of time they are subjected to lethal 
temperatures influences mortality only at 
points in the upper critical range and at 
all other points the intensity of the cold 
rather than the period of the exposure ts 
the governing factor. 

Resuetts or Tests with 
Pine BeerLte Larvar.—The 
tures fatal to larvae of Dendroctonus mon- 
ticolae do not fall within fixed limits, but 
cold hardiness does exhibit the summer 
and winter conditions (Fig. 4). In larvae 
taken from sugar pine, for example, the 
critical range during the summer months 
was +15 to +7.5° F., and by January it 
had dropped from 7.5 to — 10°. The spread 
between the upper and lower limits also 
changes with the season. During the sum 
mer there was a difference of only 7.5° be 
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tween the points at which the least hardy 
and most hardy individuals were killed, 
but by midwinter the difference increased 
to approximately 17.5°. This behavior is 


RE 


Fic. 3.—-Effect on overwintering western pine beetle 
larvae of prolonged exposures at various lethal tem- 
peratures 


in contrast to that of D. brericomis larvae, 
which show a critical range of about 12.5° 
throughout the year. 

The difference in resistance between 
larvae collected from sugar pine in August 
1935 and these collected in October (Fig. 
+) is probably due to inherent variations 
in individuals. Such variations are most 
pronounced in larvae in the summer con- 
dition, particularly those from this host. 

The transition from the summer to the 
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winter condition is also different in this 
species from that in western pine beetle 
larvae. Instead of taking place within a 
few weeks, the increase in cold hardiness 
comes as a slow progression beginning in 
October or November and reaching a peak 
in January or February (Fig. 4). This 
peak does not come to the same fixed 
level each vear, but apparently changes 
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Fic 5 Ine reuse in cold hardiness of mount tinh pine 


beetle larvae resulting 
subdeve lopme ntal te mperatures 


from prolonged sulbyye ction to 


with the severity of the climate. For ex 
ample, larvae in lodgepole pine from an 
area in the central Sierra region of Cali- 
fornia, where the minimum winter tem- 


perature did not go below 8° F., devel- 
oped a critical range of 5 to 12.5 


whereas larvae in the same host from the 
Ft. Klamath Oregon, where 
winter temperatures of 
had a critical range of 
after having been transported 400° miles 
in the Berkeley laboratory for testing. As 
the days become warmer in the spring, 
March and April, cold hardiness slowly 
changes in the opposite direction. This 


region of 
are Common, 


» to 20°, even 


change continues until the larvae go into 
the pupal stage in April and May. 

Two experiments to determine the 
cause of changes in cold hardiness were 
carried out with larvae of the mountain 
pine beetle. In the first the object was to 
lower the critical range. Small lodgepole 
pine logs containing larvae in the summer 
condition divided into four lots, 
three of which were held at 20, 36, and 
41° F. for 5 weeks. The fourth lot was not 
subjected to conditioning temperatures, 
the larvae in them being tested at the be- 
ginning of the experiment. The results are 


were 


shown in figure 5. 
When the conditioned larvae 
tested it was found that the group held 


were 
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at 36° F. had increased their cold hardi- 
ness to a state midway between the sum- 
mer and the winter conditions, those held 
at 41° were slightly less hardy, and those 
subjected to 20° were the least hardy of 
the three. It would be logieal to expect 
that the lower the conditioning tempera- 
ture the greater would be the increase in 
cold hardiness, which was true for the 
tl and 36° groups, but did not hold for 
the larvae held at 20°. The reason for this 
irregular behavior ts not clear, but it may 
have been that the sudden change from 
a developmental temperature to one be- 
low the freezing point of water inhibited 
alteration in water balance or some other 
essential physiological Similar 
tests with larvae taken from sugar pine 


change. 


and ponderosa pine gave the same results. 

In the second experiment the object 
was to reduce the critical range. Small 
logs of lodgepole pine contaiming larvae 
in the midwinter condition were held at a 
developmental temperature of 75° F. for 
a period of 2 weeks and then tested. One 
lot of the material tested without 
being conditioned. The re sults are 


Wiis 
given 
in figure 6. 

The cold hardiness of the conditioned 
larvae underwent a pronounced change, 
reverting to a state similar to that found 


EF MPERATURE ¢ 
Fic. 6.—-Reduction in cold hardiness of mountain 
pine beetle larvae resulting fron 
75° and redevelopment 


exposure to a de- 
ve lopmne ntal te mperature of 
of cold hardiness 

86° follow 


by subjection toa te ripe rature of 


ing the per od at 75 ° 


to exist during the spring months. One 
log of conditioned material not tested was 
placed at 36° F. for an additional 23 days. 
By the end of the seeond conditioning 
period the larvae had begun to regain cold 
hardiness lost during the time they were 
held at the developmental point. This 
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ability of the mountain pine beetle larvae 
to increase or decrease markedly their 
cold hardiness at any time of the year is 
different from the fixed pattern of be- 
havior found in the larvae of the western 
pine beetle, and, judging by the results of 
the tests on both field- and laboratory- 
conditioned material the changes are gov- 
erned principally by environmental tem- 
peratures. . 

Only one test was carried out with 
mountain pine beetle larvae to determine 
the time that lethal temperatures must 
exist to cause mortality, and, as the reac- 
tion was similar to that of the western 
pine beetle larvae, no further work was 
done along this line. 

INeLUENCE oF Host oN CoLtp Harpt 
NESS. The experiments conducted to de 
termine the influence of the host species on 
cold hardiness of mountain pine beetle 
larvae were carried on as part of the series 
of tests to study the seasonal evele. The 
results are given in table 3 and figure 4. 

In every case larvae from lodgepole and 
ponderosa pines were definitely more re- 
sistant than those from sugar pine. The 
difference in resistance was greatest in the 
fall and least in midwinter and midsum- 
mer. Larvae from lodgepole pine are per- 
haps slightly more resistant than those 
from ponderosa pine, but the difference 
is so small that it can not be considered 
significant. 

No work has been done to determine the 
cause of differences in cold hardiness, but 
some observations of a general nature 
have been made. The insulating proper- 
ties of the bark are not responsible, for 
in lodgepole pine the bark thickness rarely 
exceeds one-fourth inch, whereas in 
ponderosa pine and sugar pine the bark 
may be 8 inches or more in thickness. It 
is possible that nutritional factors may be 
involved, for the broods developing in 
lodgepole and ponderosa pines are often 
larger, faster growing, and generally more 
Vigorous in appearance than those in 
sugar pine. 

Co_p Harpiness anp Winter Mor- 
TALITY.—-Since the ultimate purpose of a 
study of this kind is to gain a_ better 
knowledge of the effect of low tempera- 
tures on bark beetle populations in the 
forests, an attempt will be made to inter- 
pret these findings in terms of conditions 
in the field. 

The results indicate that mortality in 
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overwintering broods of the western pine 
beetle might be expected either as a result 
of a prolonged cold snap of moderate in- 
tensity in the fall before the larvae have 
made the transition to the winter condi- 
tion or following a period of unusual in- 
tensity in midwinter. Actually, the sud- 
den cold spells in the fall are relatively 
unimportant. Occasionally some mortal- 
ity does occur, but because of the lag of 
subcortical temperatures behind air tem- 


Table 3.—Cold hardiness of mountain pine 
beetle larvae developing in different host species. 





SUGAR PONDEROSA LopGEPOLE 
PIN PINE PINE 
COLLECTION CRITICAL CRITICAL CRITICAL 
Dart Rance RANGt RANGE 
Degrees F Degrees F Degrees F. 
1985 
August above 15 to 7.5 li to5 
October ibove 15 to 10 12.5 to7.5 12.5to7.5 
December lito 2.5 10 to —5 10 to —7.5 
1986 
Januar 10 to 10 0 to 12.5 0 to 12.5 
Marcel thove 10 to 2.5 l0to —5 5to —7.5 
July l5 to7.5 li to2?.5 ahove 15 to5 
October ls to 12.5 12.5 to5 12.5 to5 
December above 15 to 7.5 10 to 2.5 10 to 2.5 





peratures (Beal 1934) the larvae are 
rarely, if ever, subjected to points lower 
than the upper critical range. The labora- 
tory tests have demonstrated that high 
mortality rates at these points can be in- 
duced only by prolonged exposures, and 
unfortunately diurnal fluctuations in tem- 
perature prevent the time factor from 
becoming operative. It is the severe mid- 
winter cold waves which occur at inter- 
vals of several years that cause widespread 
killing of western pine beetle broods. At 
such times the air temperatures fall suffi- 
ciently to bring subcortical temperatures 
to points within or below the lower criti- 
cal range of the overwintering larvae. 
Such periods of extreme cold are of added 
effectiveness in that, as shown by the 
tests, short exposures, once the surround- 
ing bark is cooled to temperatures in the 
lower critical range, will cause as high 
mortality as will longer ones. Since cold 
hardiness in western pine beetle larvae 
does not decrease during the spring 
months, periods of unseasonable cold at 
that time would have no effect on the 
overwintering broods. 

Because of the insulation afforded by 
the bark, air temperatures of —15 to 
—20° F. and lower are required to cause 
any appreciable mortality in these over- 
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wintering broods under forest conditions. 
In California such winter minima have 
occurred in the east-side ponderosa pine 
stands in the northeastern part of the 
State, and have killed as high as 65 per 
cent of the overwintering broods (Miller 
1933). The higher minima, which oceur 
in the west-side ponderosa pine belt of 
the central Sierras, do occasionally cause 
some winter mortality, but it rarely, if 
ever, exceeds 20 per cent of the popula- 
tion. No winter killing of the 
pine beetle has been reported in southern 


western 


California or the northern coastal areas. 

The ability of the overwintering larvae 
of the mountain pine beetle to develop 
resistance to meet a wide range of tem 
perature conditions explaims the absence 
of winter mortality in this species. Tem- 
peratures in the coldest forested areas of 
California, even in the most severe win- 
ters, do not fall below the limits to which 
these larvae can accustom themselves, and 
whereas the larvae in sugar pine are much 
less cold hardy than those in lodgepole 
pine, the winter temperatures of the sugar 
pine belt are always much less rigorous 
than those prevailing in the lodgepole pine 
stands. 

Winter Mortauiry And ContrRoL 
Operations..-The beneficial etfeets of 
winter mortality of western pine beetle 
broods in the commercial pine forests de- 
pends on (1) the proportion of the popu 
lation that has been destroved and (2) the 
trend of the infestation, increasing or de- 
clining. If only a small part of the brood 
are killed, the reduction in numbers will 
be so slight as to be of no consideration in 
the formulation of control plans. If, on 
the other hand, the mortality is high, 50 
per cent or more, the decrease in timber 
loss may be extensive or temporary de 
pending on the population trend 

In an epidemic infestation that has 
definitely passed the peak and begun to 
decline, high winter mortality would make 
control work inadvisable, since the popu- 
would return to an endemic 
through the work of natural agen- 
an epidemic that is defi- 


lation SOOT! 
stat 
cies alone. In 
nitely aggressive, however, the reduction 
of broods by temperatures is only 
temporary, the population returning to 
the previous level in 1 or 2 vears. This is 
shown by the timber loss on the Modoe 
National Forest during the yo riod 1981 
34, as follows 


low 
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\verage loss per 


Year acre, board feet 
1980 96 
1931 246 
1982 321 
1933 207 
1984 3638 


Although an aggressive epidemic was in 
progress during these years, a sharp redue- 
tion in insect numbers resulted from low 
temperatures during the winter of 1932 
33, which in turn decreased the timber loss 
the follow Ing SCUSOT Howe Vees conditions 
still were favorable for an increase in the 
beetle population and hy the next vear 
the loss exceeded that 
the winter killing 
Since the overwintering larvae of the 
mountain pine beetle have the ability to 


sustained before 


develop a | degree of cold hardiness sufh- 
cient to survive any winter temperatures 
likely to occur in the California region, 
winter mortality will probably never be 
a consideration in planning for control of 
this insect 
SUMMARY. 
results of a 4-vear study on the effect of 


This paper summarizes the 


low temperatures on the larvae of two of 
the principal timber-killing bark beetles 
of the California region, the western pine 
beetle, Dendroctonus brericomis Lee... 
the mountain prin beetle, D 
Hopk In this work 60 tests were carried 
out, in which over 25,000 larvae were sub 


and 


monticolae 


jected to various temperature conditions 

In California overwintering larvae of 
the western pine beetle are killed hy a 
, 7.5° F. and 


beetle hy ‘at 


temperature range of 5 to 
those of the mountain pine 
ranyve of 15 to 12 
Prolonged exposures inere 
in the upper critical range, 


ase mortality 
but as the 
temperature is reduced the intensity of 
the cold (temperature point 
governing factor rather than the length of 
the exposure 

Cold hardiness varies with the 
With larvae of the pine beetle 
the difference between the summer state 
and the winter state is relatively small, 
and the change from the former to the 
latter takes place in a comparatively short 
time. With larvae of the mountain pine 
heetle the resistance gradually increases 


become ‘ the 


scason. 


western 


as the season becomes cooler and covers 
a wider range than does that of the other 


species, 
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Larvae of the mountain pine beetle 
show a pronounced difference in’ cold 
hardiness when developing in different 
hosts. Those from lodgepole and ponder- 
osa are more resistant than those from 
sugar pine. 

In the northeastern portion of the State 
cold waves of such intensity occasionally 


occur that overwintering broods of the 
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western pine beetle are reduced by as 
much as 65 per cent. In other areas the 
winter mortality is never extensive. Moun- 
tain pine beetle larvae are rarely, if ever, 
killed by winter temperatures in the Cali- 
fornia region. 

The consideration of winter mortality 
in planning control operations is dis- 


7-3-41. 


cussed. 
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\ Preliminary Report on Control of the Western 
Twelve-Spotted Cucumber Beetle in Orchards 


\. KE. Micnueceacuer, G. F. Mac 
For a number of vears the western 
twelve spotted cucumber beetle, Diabro 
fica 11-punctata Man. has been known 
to be a serious pest of deciduous fruits in 
several localities in California. Not only 
has much damage been done due to direct 
feeding, but large have resulted 
through the spreading of brown rot. In the 
Brentwood area of California the losses 
were so great in 1988 that the farmers in 
that region asked that the proble m be in 
vestigated. Work was started late in the 
harvest season and, although of a limited 
nature, information was obtained which 
indicated that it should be possible to con 
trol the with certain 
secticides applied as dusts. In 1939 a seri- 
ous infestation of the pest failed to de 
velop and for that reason it was impossible 


losse s 


Insect contact in 


to carry on any extensive control experi- 
ments However, population trends were 


followed and observations were made on 
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the reaction of the beetles to dusting in 
relation to weather conditions. Large 
populations were encountered in 1940 and 
this report deals principally with the re- 
sults of that season’s work. 

PopuLtation TRENDS AND DistrRiBu- 
TION OF DIABROTICA IN ORCHARDS ABOUT 
Brentwoopo.--The Diabrotica population 
in 1940 was much larger than that en- 
countered in 1999. The average popula- 
tion per tree in orchards reached as high 
as 776 beetles, whereas in 1939 the great- 
est number collected on the average in any 
orchard was 16. Although the population 
was large in some orchards, there were 
others where relatively few beetles could 
be found. The population trends in three 
orchards are shown graphically in figure 1. 
These show that there was a wide varia- 
tion in the populations observed in the 
three different orchards. The variation 
noted was probably more closely con- 
nected with the orchard location than 
with the kind of fruit or condition of the 
orchard. In all three cases the orchards 
were young and the foliage dense, a con- 
dition very favorable to Diabrotica. The 
highest population was found in the peach 
orchard which was isolated just outside 
the periphery of the main orchard area 
southwest of Brentwood. The next high- 
est population was found in the nectarine 
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orchard southwest of Brentwood on the 
periphery, but not isolated from the or- 
chard area. The smallest population 
shown was in a nectarine orchard just 
northwest of Brentwood and well in from 
the periphery of the fruit-growing area. 
The region of heaviest infestation encom- 
passed the fringe of orchards from south 
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br l Diabrotica population trends I here 
orchards at Brentwood, 1940 

@ Isolated peach orchard on periphery of orchard 

area 

Nectarine orchard on periphery of orchard area 


Nectarine orchard well in periphery 


ore hard area 


east to northwest of Brentwood. Inward 
from this area the infestation In general 


became less. This is clearly shown in figure 


2 where the maximum populations en 
countered in different orchards are pre 
sented graphically. 

From our observations it appears that 


infestations within an orchard do not arise 


from a build-up of a beetle population 


therein, but from migrations into the or 


chard. It is believed that the beetles move 


into irrigated areas as the uncultivated 
and unirrigated regions begin to dry up 
This, bevond a doubt, accounts for some 
of the migrations into the orchards but 
because of the large populations found in 
orchards long after uncultivated areas dry 
up, it would seem that some of the beetles 
arise from other The largest 
populations observed so far however have 
heen found consistently in the fringe of 
orchards that adjoin uncultivated areas 

There are apparently several factors 
that stimulate Diabrotica to migrate. The 
drying up of cultivated and uncultivated 
an important one. 


soOuTCEesS., 


regions is certainly 
Temperature may be equally important. 
There is little doubt but that high tem- 
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peratures stimulate the beetles to seek 
cooler locations. This may cause local or 
possibly extensive migrations from a dis- 
tance. Because the beetles try to escape 
the heat they tend to seek the trees that 
have the most dense foliage. In such trees 
there is also a movement towards the 
shady side as the temperature rises during 
the hottest part of the day. Because dense- 
ness of foliage is an important factor, 
peach and nectarine trees generally offer a 
more suitable environment for the beetles 
than do apricot trees. This is particularly 
true of the younger peach and nectarine 
trees. In the case of apricot trees the 
beetle population always falls off abruptly 
as soon as the crop is harvested. While the 
ripe or nearly ripe fruit is still on the trees 
the beetles find conditions most favorable 
for their existence protection from the 
heat could be found about the fruit and 
foliage. Ripe fruit is preferred as food. It 
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Fic. 2 Maximum Dia 
tree in different orchards in the 


1940 


Brentwood 


furnishes ample motsture and the feeding 
punctures can be utilized for protection. 
Following harvest, apricot trees in their 
partially wilted and open condition no 
longer offer a suitable environment and 
the beetles leave such trees. Nectarine and 
peach trees on the other hand may furnish 
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a suitable environment for Diabrotica be- 
fore, during, and after harvest. Before the 
fruit is ripe and after harvest very large 
populations may be encountered. . 

Insuny.-Green fruit is in very little 
danger of being injured by Diabrotica. 
However, if placed in a cage with no other 
food they will feed on it. Because green 
fruit is relatively free from attack, large 
Diabrotica populations may be present in 
an orchard without any great amount of 
fruit injury occurring. Once the fruit 
starts to color it is in danger of being at- 
tacked and as ripening progresses this 
danger increases. In the case of nectarines 
where fruit was harvested “mature green” 
for eastern shipment little or no fruit was 
damaged despite the fact that the Diabro- 
tica population in some orchards exceeded 
300 to the tree. As long as fruit is green 
the insects apparently prefer to feed on 
the foliage and large populations in the 
orchard are of no immediate concern. 
Fruit is attacked as it ripens and feeding 
may proceed to a point where fruits are 
rendered worthless. [tis possible that once 
a fruit is injured it serves, in a measure, 
to protect other uninjured fruit, since the 
beetles probably prefer injured to sound 
fruit. Because of the attractive nature of 
ripe fruit, a relatively small Diabrotica 
population may do considerable damage 
and if fruit is selling at a high price, con- 
trol measures may be desirable. Since 
fruits are not attacked until they start to 
color. the period over which Diabrotica 
must be controlled will seldom exceed 10 
days to 2 weeks. 

The injury caused by the beetles can be 
divided into primary and secondary dam 
age. Primary injury may be considered as 
occurring when fruits are attacked by 
Diabrotica only, while secondary injury 
occurs When the beetles feed on fruit which 
has been damaged previously by some 
other agency. Primary damage ranges 
from extremely small feeding punctures 
to many large and deep-feeding punctures 
completely destroying the fruit. Where 
fruit is intended for the fresh market, the 
smallest puncture renders it worthless be- 
cause of the danger of brown rot develop 
ing. The break in the skin is a portal of 
entry for the brown rot organism and not 
only may the injured fruit be destroyed 
but, in transit the surrounding fruits may 
also be affected. In the field Diabrotica 
will feed on fruit infected with brown rot 


and carry the disease to other fruit. The 
spreading of brown rot is probably as im- 
portant as the feeding done by the beetle. 
In the case of canning fruit, small pune- 
tures or superficial feeding does not render 
the fruit worthless. Fruit that is too 
severely injured for canning but not badly 
infested with brown rot can be utilized for 
drying and juice. 

The beetles may injure foliage, but this 
is hardly ever severe and probably never 
sufficient to justify control practices. Leaf 
feeding is most important on trees that 
have been planted recently. Such young 
trees may be heavily attacked but in all 
cases observed the trees have grown away 
from the injury without suffering appar- 
ent serious damage. 

EXPERIMENTAL MetHops.—To deter- 
mine populations in an orchard five to ten 
trees were selected at random. Sheets were 
placed under the trees. The sheets used 
varied in size from 18X18 feet to 2424 
feet. To facilitate placing them under a 
tree there was a slit half way down the 
middie. To determine the beetle popula- 
tion the trees were dusted with an insecti- 
cide containing pyrethrum. This knocked 
the beetles from the trees and they could 
be collected from the sheets and counted. 
Numerous tests were conducted to deter- 
mine the efficiency of this method and it 
was found that, with proper precautions, 
all the Diabrotica in a tree could be re- 
moved. If an effective pyrethrum dust is 
applied when the air temperature exceeds 
60° F., some of the beetles will fly from 
the tree. For most accurate counts, a tem- 
perature of 55° F. or lower is desirable. 

In determining mortality, beetles were 
picked from the sheets and placed in paper 
bags with undusted foliage. At the end of 
24 hours the beetles were examined. They 
were divided into three groups: (1) those 
that were definitely dead, (2) those that 
showed signs of life but were unable to fly 
and (3) those that appeared normal. The 
last group was counted as fully recovered, 
the second group was held for further 
examination, while the first group was 
used in determining mortality at the end 
of 24 hours. At the end of 48 hours, or 
sometimes later, the beetles of the second 
group were again examined and placed in 
dead and living groups. The dead were 
added to the number dead at the end of 
24 hours, and the mortality for the 48- 
hour period determined. The bags con- 
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taining the beetles were kept in a room 
where the temperature never became ex- 
cessive. This means of determining mor- 
tality proved to be the most satisfactory 
methods tried. Experiments 

which the collected insects 


of several 
were run in 
were caged on a tree or placed in screen 
cages with foliage in the branches of a 
tree. With screen cages in the orchard the 
mortality was slightly higher than where 
the beetles were placed in bags in the 
laboratory. The higher mortality may 
have been due to the direct, hot, sunlight 
on the cages. There was no satisfactory 
way to avoid this, and it was found that 
the most accurate method was to place 
the beetles in bags and hold them in a 
room as described above. Caged insects in 
a tree cannot move about freely and if 
conditions, where they are caged, become 
very unfavorable, they have no means of 
escape. We feel that the method used 
probably gave a conservative estimate of 
the actual mortality in the field. 

Insects were always picked up by hand 
from the sheets for it was found that if 
they were shaken into the center of the 
sheet and then poured into a sack, the 
mortality was increased. This was un- 
questionably due to the fact that as they 
were being rolled into a pile they were 
covered with dust, which resulted in the 
death of most of the beetles. 

In making field counts both a hand 
rotary duster and a power duster were 
used. A hand rotary duster was sufficient 
where the trees were small. 

The amount of injury done by Diabro- 
tica was determined by field counts usu- 
ally for each of the different fruit: pick- 
ings, and were based on what was found in 
the field boxes. Some counts were made in 
packing sheds. Injured fruit was divided 
into two catagories: (1) primary injury, 
which included the fruit that had 
attacked by the beetle only ; and (2) fruit 
that had been injured hy other agencies, 
although also fed upon by Diabrotica. 

Numerous control experiments were 
run to determine the most satisfactory 
conditions to apply dusts. It was found 
that temperature was a very important 
factor. To prevent most of the beetles 
from flying from the trees the dust had to 
be applied at temperatures below 60° F. 
At temperatures of more than 65° F. many 
of the beetles escaped by flying from the 
trees. No method has been discovered to 
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determine what proportion of the beetles 
which fly out of the trees may he killed. 
At higher temperatures these insects leave 
the tree almost at the same instant the 
dust is applied. 

The direction of dust drift is a very im- 
portant consideration. To insure efficient 
control it is necessary that there be no 
drift or that it be into the area already 
dusted. A very small amount of an effee- 
tive dust will cause the beetles to drop 
from the trees and if the drift is into the 
undusted portion of an orchard many 
beetles will be knocked out of the trees by 
a sub-lethal dose. The direction of drift 
should be determined accurately before 
dusting is started. Unfortunately, early 
in the morning the direction of drift is sub- 
ject to rapid change, and for that reason 
dusting should be done in the shortest 
time possible. 

A suitable duster should be able to de- 
velop sufficient velocity to push the dust 
through the tree. Also, the volume moved 
should be great enough so that the duster 
can be moved rather rapidly through the 
orchard. The duster used in the experi- 
mental work had an 18-inch fan and the 
type of nozzle that gave the best velocity 
and volume had a diameter at the intake 
of 4 inches and an outlet diameter of 6 
inches. Aeroplanes can be satisfactorily 
utilized in dusting for Diabrotica control. 

If a ground power duster is used, one 
row should be taken at a time. With a 
properly regulated duster it is possible to 
dust the trees efficiently from one side 
only. Under no conditions would it be ad- 
visable to treat both sides of a row because 
the first trip through would knock the 
beetles from the tree. It is also important 
to dust the rows consecutiv ely . The equip- 
ment and orchard should be in such condi- 
tion that the dusting may be done quickly 
and with no delays. If an aeroplane is used 
to apply the dust it is important that not 
more than two rows should be covered at 
a time, and care should be used to see that 
the drift is away from the undusted por- 
tion of the orchard. 

Not all the insects fall out of a tree as 
soon as dust is applied. In a test of the rate 
at which the beetles fell from trees dusted 
with a power duster some interesting re 
sults were obtained. During the first five 
minutes after the tree was dusted 99 in- 
sects fell, 124 fell in the next four minutes, 
58 in the next three, and 33 in the next 
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hour. Seventy-one per cent of the insects 
fell in nine minutes and over 96 per cent 
were down in 15 minutes. The tempera- 
ture was constant (15.5° C.) during at 
least the first 12 minutes of these tests. 
Beetle mortality varied with the length of 
time the insects remained in the tree Of 
the first group to fall 31.5 per cent died, of 
the second 25.8 per cent, of the third $4.5 
per cent, and of the last 42.2 per cent was 
killed. Apparently those insects which re- 
mained in the tree the longest showed the 
highest mortality. It is possible that the 
insects on the sunny portion of the tree 
are warmer, react more quickly to the 
dust, and fall from the tree. The colder 
insects are slower to react and conse- 
quently are subject to a larger dosage 
of dust. 

Another very characteristic reaction of 
some individual beetles to dust is to vomit 
a relatively large amount of green fluid. In 
one experiment those individuals that 
made a green spot on the sheets were 
separated from those that did not. This 
was done for seven trees and in every case 
it was found that fewer of those insects 
which vomited died than those that did 
not. The average mortality for those 
which vomited (606 insects) was 83.5 per 
cent and for those which did not (1805 in- 
sects) was 92.5 per cent. 

While several dust mixtures were used, 
the most effective materials contained 
pyrethrum. Because of the many factors 
involved, considerable difficulty was en- 
countered in determining the effectiveness 
of any particular dust. Weather condi- 
tions, machinery used for application, size 
of tree, size of area treated, pounds per 
acre, speed of application, location of the 
orchard and rate of reinfestation all have 
an influence in determining the effective- 
ness of a given dust. \W herever possible, a 
number of tests was run. In a few cases 
entire orchards were dusted but in most 
experiments only about an acre of trees 
was involved. At intervals following dust- 
ing, counts were made in treated areas to 
determine population trends. The ae- 
companying table presents some of the 
results obtained during the past year. 

Dust mixtures experimented with most 
contained pyrethrum and Lethane (50 per 
cent 3-butoxy, 3 -thiocyvano diethylether) 
in tale or sulfur. These dusts all showed a 
great deal of promise. The amount of 
pyrethrum added was sufficient so that 


the pyrethrins content ranged from 0.05 
per cent to 0.2 per cent, and the amount 
of Lethane ranged from 2 to 3 percent. In 
several tests a slow acting Lethane was 
used, and while the kill obtained was not 
very satisfactory, final judgment on the 
dust should be reserved until further tests 
are made. Dusts containing 0.1 or 0.2 per 
cent of pyrethrins and 2 per cent of 
Lethane gave very good kills. Good kills 
were also obtained with dusts that con- 
tained 0.1 per cent of pyrethrins and 
about 3 per cent of Lethane. 

Some work was done with pyrethrum 
dust to which a special solvent! had been 
mixed with the ground pyrethrum flowers. 
The carrier used was either sulfur or tale. 
Good control was obtained where the 
pyrethrins content of the dust was 0.1 or 
0.2 per cent. Dusts of this nature need 
further investigation because, although a 
very good kill was obtained, the amount 
of dust used on an acre basis in experi- 
mental work was rather high. It is desira- 
ble that mortality be determined at lower 
dust dosages. Pyrethrum dusts to which 
no special solvent is added to the ground 
pyrethrum flowers were of little value for 
the control of Diabrotica. 

Tests were conducted with a dust that 
contained 0.5 per cent rotenone and 2 per 
cent Lethane in tale, but the results ob- 
tained were very inconclusive. One of the 
complicating factors with this dust was 
that many of the beetles flew from the 
trees as soon as the dust was applied, de- 
spite favorable temperature conditions 
and it was impossible to determine the 
fate of these beetles. The mortality of 
those that fell to the sheets was moder- 
ately high, but all that can be said at this 
time is that such dust mixtures warrant 
further investigation. 

Dust mixtures containing 2 or 3 per cent 
of dinitro-ortho-cyclo-hexyl-phenol gave 
poor kills and some burning of the foliage. 
Rather severe burn was caused by the 3 
per cent dust in nectarine and apricot 
trees. 

Where an effective dust was used there 
was a marked drop in the population. This 
was usually followed by a slight but 
gradual increase in number of insects. The 
increase can be attributed largely to 
beetles migrating into the dusted area 

Special solvents for finely powdered pyrethrum flowers tested 
included highly refined kerosene, Lethane and chlorinated, vola- 


tile petroleum, hydrocarbons, and combinations of the named 
solvents 
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from the outside. Under ideal conditions a 
single dusting should give protection for 
at least 10 days, although in some cases 
beetles may migrate into a dusted area 
very rapidly. Where a valuable crop is to 
be protected, two dustings may be neces- 
sary. In where an infestation is 
severe, complete protection cannot be ex- 
pected. Dusting under such conditions 
will only lessen the damage done but the 
reduction in insects will justify the cost of 
treatment because, without protection, an 


cases 


entire crop may be destroyed. 
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Fic. 3.—Reduction in Diabrotica population due to 


dusting 

@ Ground pyrethrum flowers with special solvent 
in sulfur (pyrethrins 0.2 per cent) applied at 
OS pounds per acre 
Ground pyrethrum flowers with special solvent 
in tale (pyrethrin 0.2 per cent) applied at 63 
pounds per acre 

\. Ground pyrethrum flowers with special solvent 
in sulfur applied at 54 
pounds pt r acre 

@ 0.1 per cent pyrethrins and 2 per cent Lethane in 
sulfur applied at 36 pounds per acre 
0.1 per cent pyrethrins and 2 per cent Lethane in 
tale applied at 50 pounds per acre 


pyrethrins 0.2 per cent 


Some of the results obtained, in terms of 
population reductions with five different 
dusts, are shown in figure 3. The dusts 
applied to small nectarine trees were as 
follows: (1) ground pyrethrum flowers 
with a special solvent in sulfur (pyrethrin 
content of dust 0.2 per cent) applied at the 
rate of 68 pounds to the acre; (2) same 
type of dust but with the pyrethrin con- 
tent only 0.1 per cent, applied at the rate 
of 54 pounds to the acre; (3) ground pyr- 
ethrum flowers with special solvent in tale 
pyrethrin content of dust 0.2 per cent) 
applied at the rate of 63 pounds per acre; 
$) 0.1 per cent of pyrethrins and 2 per 
cent Lethane in tale applied at the rate of 
50 pounds to the acre; and (5) the same 
type of dust but in sulfur applied at the 
rate of 36 pounds to the acre. All of these 
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dust mixtures brought about a marked 
reductions in populations. 

From the results shown in figure 3 it 
can be concluded that there are several] 
dust mixtures that are efficient in reducing 
Diabrotica populations in orchards. How- 
ever, reduction in population may not be 
sufficient to give full protection for, under 
certain conditions, the Diabrotica popula- 
tion after dusting may be as many as 50 to 
100 beetles per tree. Such a population 
may considerable damage. An 
examination of figure 3 shows that in 
some cases the population was not reduced 
and held below this level. 

There were several apricot orchards 
where the entire plantings were treated. 
In all cases the dust used contained 0.1 
per cent of pyrethrins and 2 per cent of 
Lethane in tale. Control was obtained in 
all orchards although in one case it was 
necessary to dust twice and even then con- 


cause 


siderable damage was done to the fruit. 
Without any dusting the entire crop would 
have been severely injured. A cling peach 
orchard was dusted by acroplane using the 
material at the rate of 50 pounds to the 
acre. Here the reduction in population 
was not all that might be desired. Con- 
siderable fruit was injured, but the treat- 
ment undoubtedly greatly reduced the 
extent of beetle attack. At the present 
time it appears that complete protection 
cannot be expected, although damage 
normally may be reduced sufficiently to 
repay a grower for the cost of treatment. 

For satisfactory kills under good dust- 
ing conditions the minimum amount of 
dust to use per acre should be about 50 
pounds. Mortality of Diabrotica at the end 
of 48 hours may reach nearly 100 per cent. 
With dosages above 50 pounds per acre an 
increase in mortality can be expected. 

SumMaAryY.— Diabrotica / 1-punctata 
Man.) has proved to be a very serious 
pest of ripening deciduous fruits. Losses 
are caused by direct feeding and through 
spreading of the brown rot organism. 

Infestations of the beetles apparently 
arise from migrations of the pest from out- 
side of the orchards. Trees with dense 
foliage are preferred as feeding places. 

In the Brentwood region the highest 
populations in 1940 were encountered in 
the fringe of orchards adjacent to the un- 
cultivated land. In orchards the 
peak population per tree exceeded 700 
beetles in 1940. 
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Table 1.—Effectiveness of various contact insecticides used against Diabrotica on fruit trees—1940 





MIATERIAI 


Ground pyrethrum 
pyrethrins 0 1% 
Lethane ww tale 

Ground pyrethrum 
(pyrethrins 0 1% 
Lethane in tale 

Ground pyrethrum 
(pyrethrins 0.1% 
Lethane in tale 

Ground pyrethrum 
(pyrethrins 0 1g, 
Lethane in tale 

Ground pyrethrum 

(pyrethrins 0.1% 

Leth mem tale 

Ground pyrethrum 
pyrethrins 0.1% 
Lethane in tal 

Ground = pyrethrum 

(py rethrins 

39, Lethane in tale 

Ground pyrethrum 
(pyrethrins 0.2% 
Lethane in tale 

Ground pyrethrum 
(pyrethrins 0.1% 
Lethane in tale 

Ground pyrethrum 
pyrethrins 0.20% 

ethane in tale 


Ground pyrethrum 
pyre thrins 0.16 ( 


slow 


Ground pyrethrum 
(pyrethrins 0.10% 
Lethane in talc 

Ground pyrethrum 
pyrethrins 0 1% 
Lethane in tale 


Ground pyrethrum 
(pyrethrins 0.1% 
Lethane in tale 


Ground pyrethrum 


(pyrethrins 0.2% 
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special solvent in sulfur 
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DATE oF 
DUSTING 
June 15 
June 1s 
June 18 
June 20 
June 20) 
June 29 
J i] 2 
Jul 

July IS 
Jul 10 
July 19 
Jul 0 
Jul >| 
July $1 
Aug. 15 
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66 


61.7 
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Ne ». OF 
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Table 1, Continued 





AVERAG! 
TEMPER No. oF No. Usep Vor VMor- 
ATURE Pounpbs Diabretica ix Deter rALiry PALIT) 
Date or DeGREES PER Per MINING 24 tS 
MATERIA! Dusting I AcrI Pret VMortavnn 1OURS HOURS 
(;round pyrethrum = flowers 
pyrethrins 0 1% and ay) 
Lethane in tale Aug. 16 910 AL 10S 761 $2.2 “2 
(round pyrethrum flowers 
pyrethrins 0.1%) and 2% 
Lethane in sulfur Aug o 96.0 oo an Le SS | OLS 
Dinitro-ortho-evelo-hexv! 
phenol 8% Aug. 26 4.0 hea 114 Se 740 STO 
Dinitro-ort ho-evelo-hes 
phenol 207 Aug. 26 44.0 ieavA os ) 9 1) as 
Ground pyrethrum flowers 
pyrethrins 0.1% with 
special solvent in sulfur (ug. 28 0 + x19 22337 S1.2 bt 
Ground pyrethrum flowers 
pyrethrins 0.1%) and 2% 
Lethane in sulfur \ug. 2S oo a0 Os 65 7.9 Osos 





Because the beetles do not feed to any — rate of about 50 pounds to the acre. The 
extent on green fruit, control measures are temperature should not be higher than 


necessary only during the ripening period. 63° F., and if there is any drift it should 

The most effective dusts used contain be into the area already treated. A drift 
pyrethrum. A pyrethrum dust, to be ef- into the non-dusted portion of an orchard 
fective, must have either some special = will knock the beetles from the trees with 
solvent added or be used with some ma a sub-lethal dosage. Under ideal condi- 


terial such as Lethane. Effective dusts — tions mortalities of from 90 to nearly 100 
used had pyre thrin contents of O.1 to 0.2 per cent can be expected 


per cent and contained | or 2 per cent For satisfactory control as many as two 
lethane or special solvent. To insure good = dustings may be necessary. 7-23-41. 


control a dust should be applied at the 


Pest CONTROL CONVENTION IN SAN FRANCISCO 


The ninti annual conventior ot the National discussior which are ft espe nterest to entomolo- 
Pest Control Association will be held in San Fran vists and it is hoped that as many of these as pos 
cisco on October 27, 28 and 29 with headquarte rs in sible atte nd the conventior , not or lv for the bene fit 
the St. Francis Hotel vhich may acerue to entomology but also as an ex 

\ pene ral invitation h is been issued to all persons pression of the very « ra il relations whi h obt iin 
nterested in the problems with which the Assecta hetween the Pest Control Association and the Asso 
tion is organized to deal ciation of Eeonomie Ent uists 

lhe program announced includes several topres 

CUMBERLAND-SHENANDOAH Froeit CoNFRERENCI 

The imnual C um erland Shenandoal conterence (hairmen of the conference ar Ir \ H. Teske, of 
to discuss the problems of research as they apply Virginia and Dr. Ss. A. Wingard. The section on En- 
to the fruit industry of the district, will be held on tomology and plant pathology will be presided over 
November 21 and 22 at Winchester, Virginia. Head by Dr. A. B. Groves while Dr. W.S. Hough will aet 


quarte rs will he the George Washington Hote I, where is secretary 


the meetings will hve held Visitors are welcome ind d SCTISSIONS are informal 





Some Characteristics of the Oriental Honeybee, 
Apis indica ¥., in China 


Cravupe R. Keiioce, Fukien Christian University Foochow, China 


The Oriental Honeybee (.1pis indica 
Fabricius), found throughout Japan, 
China, India, The Philippine Islands, 
Indo-China and the Malay Region, is one 
of the native honeybees of the Oriental 
Realm and, until the recent introduction 
of Apis mellifera L. from abroad, has 
been the main source of honey in these 
countries. From studies by the writer on 
specimens of these bees from the countries 
mentioned above, it is apparent that the 
largest individuals of this species occur In 
Fukien Province, in Southeastern China. 
These bees were identified as .1pis indica 
var. pe ront by Dr. T. Sonan, of the Gov- 
ernment Research Institute in Taihoku, 
Formosa. Unless otherwise noted, the 
studies reported in this paper refer to this 
variety of Apis indica. 

MrASUREMENTS AND DerScCRIPTIONS. 
Length of body. —Forty-one freshly killed 
worker bees measured from 10.5 to 18 
millimeters in length, with a mean of 
12.01 millimeters (in contrast to a mean of 
13.57 for Italians), twenty bees in another 
series averaged 11.74 millimeters in 
length while in a third series, forty-three 
worker bees varied from ll to 12 millime- 
ters, with an average of 11.67 millimeters 
Chang (1935) gives the body length of 
bees he studied in Canton, Kwantung 
Province, as varying from 11 to 14 milhi- 
meters, with an average of 11.82 millime- 
ters, but these figures exceed those ob- 
tained by the writer from fifty bees sent 
to him from Canton, for they averaged 
10.82 millimeters in length. 

Length of tongue..-Measurements on 
206 worker bees showed a tongue length 
mentum and glossa) of 4.74 millimeters, 
in contrast to 6.25 millimeters for Italians. 

Nin of right fore wing. Nicasurements 
of 328 worker bees showed a length of 
forewing of 8.73 millimeters, a width of 
$3.01 millimeters and an area of wing 
> length X width) of 13.12 millimeters, as 
contrasted with the corresponding figures 
of 9.78, 3.31 and 16.186 millimeters for 
Italians ( Kellogg, Robinson, Moss, Black- 
mer, 1939). 

(olor._-In color, the worker bees are 
distinetly a very dark brown, and ringed, 


with the first two to four abdominal seg- 
ments showing brownish-yellow on their 
anterior edges. Both queens and drones 
are much larger than the workers and 
black in color, the drones also having pe- 
culiar twisted hind legs. 

Combs.— The thickness of normal worker 
brood combs in naturally built combs is 
, of an inch and there are 31.05 cells per 
square inch, while Chang (1935) reports 
from his studies of bees in Canton 33.55 
cells per square inch for the worker comb 
and 23.47 cells per square inch for drone 
comb. Further, in the drone comb each 
cell, when mature, has a peculiar raised 
cone-like cap, perforated in the center 
with a tiny pore. 

Size or Cotony.—The usual local box 
hive used in the region about Foochow, 
Fukien Province, averages 12} inches 
wide, 93 inches high and 225 inches long 
and contains 2690 cubic inches of space, 
as compared with a 10-frame Langstroth 
hive, which contains 2680 cubic inches of 
space. The most populous colonies seen 
by the writer in these box hives contained 
an estimated possible 55,000 to 60,000 
bees, but the average size of colony should 
be placed at about 10,000 to 12,000 bees. 
Chang (1935) in Canton reports his small- 
est colony to contain 1500 bees, his largest 
one, 58,000 while the average number of 
bees per colony for two seasons was 6871 
and 7710, respectively. Most colonies are 
kept small by continual swarming. 

SwarMinG.—Chinese bees are prone to 
swarm and this is difficult to control, as 
they seem to swarm irrespective of size of 
colony, congestion, or food supply. Chi- 
nese farmers do not try to control swarm- 
ing (although they do remove excess queen 
cells to prevent after-swarming), but allow 
their bees to swarm at will, even priding 
themselves on the number of swarms pro- 
duced! The bees in China do not have the 
migratory habits of the same species in 
India but they will abscond for almost 
any reason, as lack of food, ants, constant 
disturbances, unsatisfactory location, ete., 
sometimes even leaving young brood to 
starve. Swarms are easily captured and 
placed in box hives. 
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Lack OF Sertous Diseases.—-There 
are no records or reports, so far as the 
writer is aware, of serious indigenous 
brood diseases and he has never seen any 
foulbrood (of either type) 


among larvae of .lpis indica or Nosema 


sacbre rT vd or 


disease among the adults, although many 
examinations have been made. American 
foulbrood, however, was introduced into 
North China with the importation of 
Italian bees some time ago, and its ravages 
among these bees in the North are severe. 
The first and only case of American foul- 
brood secn by the W riter in Fukien 
Province was in 1939 among Italian bees. 
So-called brood” was 
encountered 
combs of Apis indica 
Non-RESISTANC! 
might be expected, 
North is reported to be proving suscepti- 
ble to the imported foulbrood and this 
will doubtless prove to be true also in 
South China, as the disease spreads, and 


*bare-headed 
quite frequently among 
ro For LBROOD \s 


{pis indica in the 


may mean the virtual disappearance of 
the loeal bee 
DrEFENSI 
Chinese bees in 


AGarnst Prepatory Wasps. 
the South have long 
been associated with several species of 
Vespa orientalis, y. 


Wasps, 


predatory 
mandarina, which are re- 


cincta, and V. 
sponsible at present for the greatest draw- 
back to beekeeping in Southeastern and 
South China, and by that association the 
bees have learned the best ways of pro 
tecting themselves against such enemies. 
When the wasps appear, hovering in front 
of the hives, the small bees, no match for 
the great wasps, retire into the safety of 
the hives until the danger is over, or, if 
intercepted while returning to their hives, 
they will fly in a zig-zag manner to throw 
off their pursuers. In spite of the fact that 
these wasps often hover in front of the 
hives for hours at a time, the little bees 
often manage to elude them but the daily 
drain caused by the depredations of these 
wasps often so decimate the colonies that 
they do not recover, particularly since the 
period of the worst depredations corre- 
sponds with the summer period of dearth 
and cessation of brood-rearing. At times 
the bees will bravely attack the wasp, if 
it alights on the entrance board, in a body, 
“balling” it until death comes to the vic- 
tim. Vespa orientalis feeds primarily on 
the bees themselves, carrying them up to 
a nearby tree, where the wasp, hanging 
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head downward by one leg, cuts open the 
honey sac and extracts the nectar, while 
Vespa mandarina attacks the 
mainly to rob out the honey, killing many 
bees in the attack, carrying off only a 
portion of them. 

The Italian bees, on the other hand, are 
slow fliers and, unaccustomed to the 
wasps, fall an easy prey to the marauders, 
In each of several apiaries known to the 
writer, contaming about hundred 
colonies of Italian bees, a small boy was 
hired to watch all dav long and “swat” 
wasps to keep them from the bees. 

Comps, WAX SECRETION AND PROPOLIS. 
I pis indica, par- 


colonies 


one 


One trying habit of 
ticularly with reference to its use in mod- 
ern heekeeping, is that of chewing holes 
in old often ruiming them for 
future use. The bees seem to prefer to 


combs, 
build new combs as needed, anda, unless 
removed by the heekeeper, these old 
combs will be abandoned by the bees and 
left in the hives to attract wax moths 
The bees are untidy housekeepers and 
the heekeeper must clean out the débris 
at frequent intervals usually at least 
every ten days. 

[pis indica far surpasses the western 
honeybee in the copious secretion of wax 
and the wax produced is of a fine con- 
sistency and a most beautiful white color. 
This has been referred to by many ob- 
Tokuta 1924) mentions wax 
scales On the Japanese variety of 
indica of over one millimeter in thickness, 


sceTvers. 


I pis 


causing a bulge in the covering plates of 
the abdomen 

Chinese bees do not use any propolis in 
their hives and the frames are always clean 
from this nuisance 

INDUSTRY AND Economy. The Chinese 
bee excels the Italian in industriousness, 
working earlier in the morning and later 
cooler and in more 
latter, and the 


in the evening, in 
rainy weather, than the 
rapidity with which it leaves the hive or 
the way in which it hurries into the hive 
on the return from the fields, places it in 
advance of the Italian bee for rapidity of 
movement. 

\ good characteristic of the Chinese 
honeybee is the way in which it will re- 
frain from exhausting its stores in the 
dearth of the hot summer months or in 
the winter when it is too cool for flight, 
saving its stores against a time of need. 
The Italian bees will store more honey in 
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the spring but they use it up more rapidly 
during a dearth so that often they will be 
without food while the smaller and more 
parsimonious Chinese bees have food for 
sustenance. 

PRODUCTION OF NEw Querens.~Tokuta 
1924) is authority for the statement that 
in Japan, Apis indica, if deprived of its 
queen before queen cells are started, is un- 
able to produce new queens from worker 
eggs. This is contrary to the experience of 
the writer in Southeastern China and 
Drieberg (1932) reports that -1pis indica 
in Ceylon is able to rear queens from 
worker egys. 

MaNaGemMent..-The use of smoke 
from a bee smoker is standard practice in 
the control of Italian bees, but it is too 
drastic for the control of Chinese bees. 
Local beekeepers, with their bees in box 
hives, use only a small amount of smoke 
from a taper or incense stick gently to 
induce the bees to uncover a portion of 
the combs at a time or, when taking out 
honey, torches of dried grass are at times 
used (but not always to drive the bees 
into the other end of the hive, but the 
writer has not seen a smoker of any kind 
used by Chinese beekeepers. The use of 
smoke from a modern smoker on .1 pis 
indica irritates the bees so that they fly 
wildly about and savagely attack the 
operator. 

Reports on this subject differ widely. In 
the box hives the Chinese bees can with 
impunity be brushed aside with the fing- 
ers or forced to move by a little smoke 
from a taper, if one works slowly, and 
with Apis indica in modern hives it is 
often possible to inspect the bees without 
a veil, especially in the smaller colonies, 
but if the bees become irritated by sudden 
movements or too much smoke, they will 
attack furiously. The writer and his stu- 
dents have at times transferred colonies 
of these hees from hox hives to modern 
hives, cutting out the combs and tying 
them in frames, without the use of veils 
or smoke, but at other times this has been 
impossible. 

HerLPLESSNESS AGAINST ItaLiaAn Rop 
BERS.—-Chinese bees are unable to pro- 
tect themselves against Italian robbers 
which often attack the former, both dur- 
ing the active spring season and the dearth 
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of the hot summer season, causing the 
Chinese bees to abscond. For this reason it 
is impossible to rear the two species in 
close proximity and the experience in 
both China and Japan is that with the 
appearance of the Italian bees, Apis in- 
dica tends to disappear. However, it is 
interesting to note that, as the Chinese 
bees are more active in the cooler season, 
they will at times rob out their Italian 
competitors, as the latter are unable to 
protect themselves so well in the cool 
season. Chinese bees are inveterate rob- 
bers among themselves. 

Faiture To Resist THE Wax Morus. 

One of the greatest faults of the Chinese 
bee is its failure to keep out the two spe- 
cies of wax moths (Galleria mellonella L. 
and Achroia grisella Fabr.), both of which 
occur in abundance in Southeastern China. 
This failure on their part necessitates, as 
stated above, constant care on the part of 
the beekeeper. 

SumMary.—The Oriental Honeybee 
Apis indica Fabricius), in spite of the 
introduction of the Italian bees and the 
presence of a number of commercial 
apiaries, is still the main source of honey 
for local consumption in China. It has 
for many centuries been reared in box 
hives,—the box hives of today being 
practically, if not literally, the same as 
those described in the earliest essay in 
Chinese literature dealing with honey 
production (A.D. 232), and during all of 
this time there has been no conscious 
change in methods or in selection of the 
bees until the very recent introduction of 
beekeeping methods and bees from the 
West. 

The Chinese bees are small in size, the 
colonies are small, swarming is rampant, 
and modern manipulations are difficult 
because of the irritability of the bees, their 
aversion to smoke and their habit of 
chewing holes in old combs. These bees 
would have no place in this country as 
honey gatherers in competition with our 
bees but they do have the good qualities of 
industriousness; of flying in cool weather, 
which might be of value in the pollination 
of early fruits; and of copious secretion of 
a pure white wax, which would commend 
them for this particular function.—7-23- 
41. 








Observations on the Purported Resistance of the Honeybee 
to American Foulbrood 


J > Kx KERT, Unive rsity of California, Dar 


It is not uncommon Tor a beekeeper 
to observe in a colony the presence of one 
or two cells of what appears to be Ameri- 
can foulbrood and on the next examina- 
tion discover that the cells have appar- 
ently been cleaned of all visible remains of 
the disease. In a majority of such cases, 
the disease will appear at a later date with 
greater severity while in a minor number 
of instances, it will not recur. In the latter 
cases the questions arise as to whether it 
was American foulbrood and, if so, was 
it a less virulent strain than usual or did 
the colony actually manifest a certain 
amount of resistance to the disease. 

We are advised from various sources 
that American foulbrood is practically 
unknown in portions of Europe where 
bees have existed for centuries and we are 
led to believe from this that their strains 
of bees have developed resistance to the 
spread of this bacterial disease of their 
brood. Certain strains of bees are more 
resistant to European foulbrood than are 
others and this factor has been increased 
by careful selection and breeding. So it is 
only natural that those engaged in bee- 
keeping should be ever hopeful of the dis- 
covery or production of strains of bees 
dependably resistant to American foul- 
brood. 

In 1934 the American Bee Journal be- 
gan to investigate the possibility of re- 
sistance to American foulbrood in various 
strains of bees and secured a number of 
colonies from different the 
country, said by their owners to have 
shown an apparent resistance to the dis- 
ease. During the first year they were able 
to claim that some strains of bees exhibit 


sections of 


an evident resistance to the disease. A 
cooperative project was then established 
with the lowa Agricultural Experiment 
Station to carry on more comprehensive 
tests and to investigate the possibility of 
increasing resistance through careful selec- 
tion and breeding. Later, in 1937, queen- 
rearing yards were established in Texas 
with the cooperation of the Texas Apicul- 
tural Laboratory, the United States Bu 
reau of Entomology and Plant Quarantine 
and the Texas and Lowa Agricultural Ex 


periment Stations. The results of the first 
four years were summarized by Park, 
Pellett & Paddock (1939) as follows: “Tt 
is encouraging to note that, as a result of 
the careful selection and breeding prac- 
ticed, there has been a constant and sig- 
nificant increase in the percentage of re- 
sistant offspring obtained year after vear. 
It is not expected, however, that the in- 
crease In resistance will continue year 
after year at the same rate shown thus 
far... . The prospects now appear good 
for establishing a strain of bees that will 
produce resistant colonies in a high per- 
centage of cases, but the problem will not 
be solved until resistance to American 
foulbrood has been combined with other 
desirable characters such as high produe- 
tion and good handling qualities. Years of 
selective breeding are still ahead.” 

In May 1940, the various cooperators 
decided to release some of the stock to 
different state agencies and beekeepers 
associations that wished to carry on fur- 
ther investigations or to produce queens 
for distribution to beekeepers. By January 
1941, a few advertisements began to ap- 
pear in bee journals of “American Foul- 
brood RESISTAN' Quce ns.” I p to and in- 
cluding May 1941 only one producer 
qualified his advertisement by stating 
that he made “no attempt to guarantee 
either expressed or implied, the resistancy 
of this stock” and this qualification was 
dropped after the first month. 

On June 4, 1940, the writer received 12 
queens of resistant strains from the Texas 
queen breeding station with no guarantee 
or record as to the relative resistance of 
the queens or of their stock. One queen 
was so severely crippled that she was not 
accepted on introduction into a nucleus. 
The queens were permitted to build up 
colonies in 3-frame nuclei, trans- 
ferred to one-story hives on July 1) and 
moved to another location. Shallow supers 
were added on August 15 and were filled 
with honey by September 28, with the 
exception of 3 colonies that did not build 
up as rapidly as the others. Empty comb 
space was added if needed, and the col- 


were 


onies were moved to an isolated location 
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on September 30th. Two days later each 
colony was given a brood comb which con- 
tained scales of American foulbrood in a 
majority of the cells, the combs being 
placed in the center of each brood nest. 
The colonies had brood in from +} to 3 
combs with brood in all stages. Brood- 
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diseased brood. Thirty of these cells were 
placed in a queenless disease-free colony 
and 30 in a colony slightly infected with 
American foulbrood. Of this number, only 
11 cells were completed in the diseased 
colony, of which number 9 contained lar- 
vae in the spinning stage that were dead 


Table 1.—Data from fall examination of combs for symptoms of foulbrood. 





AmMot NT ©} 


Neumper FRAMES AMERICAN FRAMES 
OF WITH FouLBROOD WITH 
QQ EEN Broop 1 22 Broop 
Z156 } l comb, 24 cells rt 
A157 2 2 combs, 4 cells } 
Z159 » 2 combs, many cells 
Z160 No evidence 0 
Z161 “4 No evidence a4 
i ? com >t 4 
YOr 4 Il comb, many cells ) 
6s ) 2 combs, many cell 
69 No evidence 
Y71 ) No evidence ) 
Y72 | No evidence 


AMOUNT OF 
AMERICAN 
FoOULBROOD CoLOR OF QUEEN 
10/3) iND BEES 


Queen black, bees hybrid, 


cross 


83 combs, many cells 


Queen yellow, bees mostly 
3-banded 


2 combs, many cells 


Queen yellow, fair grade of 
Italians 


} combs, many cells 


Queen yellow, fair grade of 
“dark” Italians 


No ev idence 


No evidence Queen yellow, hees hybrid, 


CTOSS 


No t vidence Queen black, hees hybrid, 


nervous 


Queen black, bees mostly 
black, cross 
Queen black, bees black and 


hybrid 


2 combs, many cells 


3 combs, many cells 


No evidence Queen black, bees hybrid 


No evidence Queen yellow, bees hybrid 


No evidence Queen black, bees hybrid, 


nervous 





rearing was being retarded, especially in 
the colonies having darker bees. 

On October 22, the inoculation combs 
of American foulbrood were removed and 
the colonies examined carefully on that 
date and again on October 31 for symp- 
toms of American foulbrood with the re- 
sults shown in Table 1. 

The entrances of all colonies were then 
contracted to about 4 inches and each 
was wintered in a story and a half hive. 
Examinations during the spring of 1941 
revealed the conditions detailed in table 2. 

Resutts or Rearing QuEENS FROM 
“Resistant” CoLoNtes. Sixty queen 
cells were transferred from colony Z161 
from a frame containing apparently 
healthy larvae seattered among cells of 


of American foulbrood (according — to 
microscopic examination). Only 8 cells 
were completed in the disease-free colony 
and of these 4 contained dead larvae in- 
fected with American foulbrood. Several 
other cells in each case had been started 
but were torn down and the larvae re- 
moved. (The disease-free colony did not 
become infected although the bees were 
not “disease resi€tant.’’) 

One hundred and eighty queen cells 
were then started from Z161 and Y68, 
selecting apparently healthy larvae, 24 
hours or younger, from combs containing 
scattered cells of American foulbrood and 
they were completed in colonies that were 
broodless but with combs taken from pre- 
viously diseased colonies. Of these cells, 








~ 


only. 82 were completed and 23 of them 
contained larvae dead of American foul- 
brood. 

Thirty queen cells were then started 
from a disease-free colony and placed in 
a queenless colony having several combs 
badly infected with American foulbrood. 
Twenty-nine of these cells were accepted 
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the dead larvae could be observed through 

the cell walls when the were 

“candled.” 
DISCUSSION. 


cells 


It is evident that while 
none of the colonies were dependably re- 
sistant to American foulbrood, following 
the method of inoculation used, some 
were “less tolerant’ of the disease than 


Table 2.—Data from spring examination of combs for symptoms of foulbrood. 





FRAMES AMOUNT FRAMES AMOUNT 
NUMBER COVERED oO} (COVERED Or 
oO! ny Bees DISEASE ny Bers Diskast 
QUEEN 1/27/41 1/27/41 2 25/41 2/25/41 REMARKS 
Z156 + of 4 frames Many cells in less than 2 Practically 100% Colony dest: ved, 2 25 41 
z « ymibs 
Z157 t frames No evidence 9 frames Several cells in Oe; diseased, 5/14/41 
2 combs 
Z159 ti imnes KE ygys nl » frames Scattered cells ti 7 com s badly dise ised, 
1 coml > 14 41 
7160 ! f 5 frames N ‘ dence ® frames 1 cell only Crave infected comb, 2 25 
considerable disease in §8 
( nos, 3 14 
Zi61 > of 4 frames N lenee > frames No evidence Crave fected coml » 25 
ee, d ~ ised ns combs, 
>» 14 41 
66 } of 5 frames Many cells 2 frames 100°7, diseased Colony destroved, 2 25 ‘41 
67 > frames Seve l« ~ 2 frames 75% r more ( lestroved, 2 25/41 
diseased 
Y6s > frames Few cells > frame Nany cells ir Bu tupim? shallow supers 
4 combs NI ‘ disease 1 oo Trames, 
> It i 
yoo ; fo trames Ma ells ) frames At least 30 70 eased 14 $1 | n\ 
diseased 
Y71 f 3 frames Few cells } frames 75°, diseased ( dl 1, 225/41 
Y72 } to trames Man ( Is n ) frames Ni in eells in RB a ‘lis | ! 7 nts 
4 n 4 " > 14 4+ 





and sealed and of these 9 contained larvae 
dead of American foulbrood. 

Four bars (60 cells next trans- 
ferred from combs containing a seattering 


were 


of diseased cells and twa bars each were 
placed in disease-free colonies. One colony 
completed 26 of 30 cells, of which two con- 
tained larvae, while the other 
colony completed 24 out of 30 cells, none 
of which were diseased. In the latter case, 
however, three additional cells had been 
started but were later torn down 


diseased 


The sealed queen cells contaiming dis- 
eased larvae generally looked normal but 


others. From a practical standpoint, how- 
ever, none of the colonies should have 
maintained after the had 
gained headway or after the bees demon- 
strated their inability to clean their combs 
of the infected material. In previous ex- 
periments in testing the resistance of dif- 
ferent strains, Park, and others, adopted a 
standard method of inserting a piece of 
comb 2 by 23 inches in size with at least 
75 cells containing infected material. The 
present tests included a far greater inocu- 
lative dose. The amount thus given would 
he greatly in excess of the amount of ma- 


been disease 
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terial a colony would get under natural 
conditions. 

The queens were permitted to lay in 
the brood chambers and shallow supers 
until April 24 when all but Z161 were 
confined to their brood chambers with 
queen excluders. This permitted the col- 
onies to build up their numerical strength 
in the disease-free combs of the supers for 
a few eveles of brood but by April 4 
the brood in these shallow combs also 
contained a considerable proportion of in- 
fected cells. At the time of the final ex- 
amination, May 28, all of the colonies 
were so heavily diseased as to make their 
death seem merely a matter of time. The 
presence of some European foulbrood in 
Y72 and Z157, further complicated the 
disease situation for these colonies. 

The infeeted quecn cells, transferred 
originally from contaminated combs but 
drawn in disease free colonies, indicated 
that the larvae must have been infected 
by the time they were transferred and that 
the disease did not prove fatal until, in 
some cases, the larvae had reached the 
spinning stage. This was shown to be the 
case for worker larvae by Woodrow (1941 
who found that the period of susceptibility 
to American foulbrood corresponds with 
the period of mass feeding, and that infec- 
tion is most likely to be produced when 
larvae are inoculated within approxi 
mately one day after hatching 
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Woodrow also found that the larva has 
little or no resistance to the disease. This 
supports the theory that the apparent re- 
sistance of certain strains of bees to 
American foulbrood is based on a behavior 
factor or on the ability of these strains to 
remove the diseased material from the 
cells, a feat that most bees are unable to 
accomplish. In the present studies, there 
was some evidence of cells being cleaned 
of infected material before the bees stored 
honey in them and also before new brood 
was produced. This was done by the bees 
removing the infected material without 
tearing down the cell walls, except in two 
instances when a few of the cell walls were 
cut down to the midrib. 

The term “resistant to American foul- 
brood” is misleading to most beekeepers 
because it raises a hope far more satisfying 
than it is possible for the bees to accom- 
plish, particularly when colonies are sub- 
jected to such heavy inoculations as were 
used in these observations. 

ConcLustons. —Until more dependably 
resistant strains of bees can be produced 
by years of careful selection and breeding, 
beekeepers should not pin their faith on 
this strain of bees to solve their disease 
problem but should continue to eliminate 
all traces of American foulbrood by burn- 
ing diseased colonies as soon as they are 
found. —7-23-41. 
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The Annual Meetings in San Francisco, St. Francis Hotel, 
December 29 to January 1, 1941 


Plans are rapidly being comple ted for the winter 
meetings. At no time in our history has it been more 
desirable than it is this year to meet and discuss 
entomological work from the standpoint of its na 
tional aspects Eve ry effort is being made to prov icle 
for a profitable and ‘ njovable experience lor every 
one. A truly national meeting can be held only if 
entomologists from every section are in ittendanes 

It is the most sincere desire of those who are plan 
ning these meetings to be of service to eve ry entom 


ologist in matters of transportation, housing, and 
other details. Further informative material for gen- 
eral distribution is being prepared but it isobviously 
impossible to answer all questions which may arise 
Please feel free to write us for personal help in plan- 
ning vour visit to the Pacific Coast 


Local Joint Committee on Arrangements 
Gs. F. Mache op, Chr Unive rsity of ¢ alifornia, 
Be rhele Y, ( alifornia 
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Type of Wire Screen Required for 
Excluding Cigarette Beetles and 
Tobacco Moths from Warehouses 


J.P. Vinzant' and W. D. Reep, U. S. Department 
of {ori ull re, Bureau of } ntomology mn 
Plant Quarantine 

For several years increasing interest has been 


manifested by the tobacco industry in the screening 
of warehouses and factories as an aid in the control 
of stored-tobacco insects. The screen first used was 
IS-mesh made of wire 0.011 inch in diameter. This 
screen was found to prevent the passage of tobacco 
moths, E phestia elutella (Hbn.), but was not effec- 
tive against cigarette beetles, Lasioderma serr 
(Fk Asa result tests were made in 1940 with several 


corne 


grades of wire to determine the type best suited for 
use in warehouses and factories 

Cages 10 by 10 by 10 inches were constructed of 
different test lots of heetle 
adults were placed in them. Three hundred beetles 
were used in each test. After a period of 21 days 
beetles that had not ese aped were counted. The fol 
lowing screens and types of wire were used in the 
construction of the cages 


screens and cigarette 


Screen Wire 

lG-mesh Steel, O.OLL inch, standard manufac 
ture 

IS-mesh Steel, O.O1L inch, standard manu‘ac 
ture 

IS-mesh Steel, O01] inch, with coating of 
enamel over regular galvanizing, spe 
cial manufacture 

Ik-mesh Steel, O.O11 inch, with extra coating of 
zine over regular galvanizing, special 
manufacture 

I8-mesh Brass, 0.016 inch, special manufacture 


20-mesh Steel, 0.0135 inch, not galvanized, spe 
cial manufacture 
Steel, 0.016 inch, not 
cial manufacture 
An important consideration in the choice of wire 
For example, the finest 
obtainable is the 18 
Oot 


20-mesl gals imized, spe 


screen is the cost screen of 
standard manufacture 
made of wire 
This sereen can be pure hased in large lots for about 
The 20-mesh is of 


special manufacture and costs from 20 to 75 cents 


mesh 


galvanized inch in diameter 


$3 cents per square foot screen 
per square foot, depending upon whether it is made 
of steel, copper, or brass and upon the diameter of 
the wire. The extra coatings of enamel and zine were 
added to the wires in the 18-mesh screen in an effort 
to reduce the size of openings and make this screen 
satisfactory 

The 


al out 


measurements of the cigarette beetle are 
Length, maximum 3 mm., 
mum 2mm.; width, maximum 1.7 mm., minimum 1.3 
The average length is about 2.6 mm. and the 
average width 1.4 mm. The tobacco moth is larger 
than the cigarette beetle. The 
about as follows: Length, maximum 10 mm., mini- 
mum 9 mm.: width, maximum 5 mm., minimum 2 
The average length of the moth is about 9.46 
mm. and the average width about 3.72 mm 
The tests showed that the of stand 


as follows mini- 
mm 


measurements are 


1S-mesh screen 


Resigned September 15, 1940 


IC 





NOTES 


ard manufacture retained from 
the cigarette beetles. The additional 
enamel or zine proved to be 


‘ito 37 per cent of 
coatings of 
of no practi al value nm 
The 18 mesh 
screen of 0.016 inch wire and of special manufacture 
retained tbout 90 per ce nt of the beetles 


preventing the escape of the beetles 


\ll cages 
made with 20-mesh screen retained 100 per cent of 
the heetles 

\n opening smaller than 0.0396 inch in width is 
necessary to prevent the passage of cigarette heetles 
This size of opening can be obtained with an 18-mesh 
0.02 inch im diameter, which 


screen made of wire 


leaves an opening of 0.0355 inch Phe 20-mesh screen 
of standard manufacture has a .0365 inch opening 

The average width of the cigarette beetle is about 
0551 inch and that of the tobacco moth about .1465 
inch. Therefore, the screen wire that preve nted the 
passage of cigarette | eetles was satisfac tory in pre- 
of tobacco moths IS-4] 


venting the passage 


Hogshead Construction as a Barrier 
to Stored-Tobacco Insects 


W.D. Reep, R. W. Bresaker and H.N. Potuvrp, 
7.8 De partment f Ag ture, Burea 
Entomology and Plant Quarantir 
Cured tobacco is packed ind stored in warehouses 


for pe riods ranging from about | to 4 vears in order 
that it proper state of fermentation 
prior to manufacture. Most of it is packed 


heads which afford a partial barrier 


mav reach the 


in hogs 
agaist stored 
tobacco pests These containers are ordinarily con- 
structed 43 feet high, 4 feet in diameter, and of pine, 
oak, or gum staves. Usually a hogshead has about 36 
staves, ranging in width from 3 t The head 
The container ts he ld 


» Ginches 


Is composed of 4to 6 pieces 


tovether by 6 wire ho« ps fetween the staves and 
the pleces in the head there are found cracks of 
arious widths, the maximum bemg about | neh 


For several vears storage warehousemen have 


made attempts to join or bevel the staves and heads 
of hogsheads to serve as a more complete barrier to 
from the tobacco. The 
increased cost of constructing such a hogshead isa 
factor of 


not be so tight as to interfere with agi 


insects entering or emergin 


importance, ind also the container must 


ng or fermenta- 


tion. This interest in the construction of tight hogs 
heads culminated in a private patent! which covered 
most of the structural features of the tight hoygshead 
This tight hogshead was made of closely fitted 


of ply wood. The 
IS and the 
metal hoops 


staves anda solid 1 piece head made 


number of staves was reduced to con- 


tuiner Was he ld together with 2 wide 


and 6 wire hoops. The number and size of cracks 
were greatly reduced between staves of the tight 
hogsheads and eliminated altogether in the heads 


\ crack as wide as one-fourth inch between the 
staves was rare ly observed and in many cases the 
staves appeared comple telv sealed 

To test the of the tight hog 
a barrier to stored-tobacco 
1o40 
heads of the old type of construction and two of the 
tight construction. About 1,000 pounds of flue-cured 


tobacco was redried and praae ked in enue h hogshead 


effectiveness shead as 


insects, an experiment 


was conducted in which included two 


hogs- 


U.S. Patent No, 2,127,435, April 16, 19 
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In the redrying process the tobacco temperature was 
raised above 160 degrees F. and all insect life was 
killed in the tobacco. The tobacco was of the 1939 
flue-cured crop and of the identical type and grade. 
The hogsheads were redried and packed between 


Table 1.—Number of living larvae of the ciga- 
ette beetle and the tobacco moth found in tobacco 
samples from old- and new-type hogsheads. 





NuMBER OF LARVAE 


TYPE oF Ciwarette« Tobacco 
HoGsHEAD SAMPLI Beet ke Moth 
; 76 0 
15 hand 139 0 
Ne WW - } | 135 () 
» han 17 0 
ll a 
Sweepings 11 0 
275 2 
> hat pao 
15 hand 559 8 
Old 10 0 
5 hand a) 0 
9 2 
Sweepings 565 ; 





January 29 and February 5 and were placed in 
individual compartments of a cage in a tobacco ware- 
house in Richmond, Va., on April 15. The cage 
was made of a wooden frame covered with cloth 
having a thread count of 44 by 40 strands to the 
inch. The cage was 24 by 5 by 5 feet and each com 
partment was 6 by 5 by 5 feet 

Beginning on June 3 lots of the tobacco moth, 
Epvhkestia elutella (Hbn.), and the cigarette beetle, 
Lasioderma serricorne (F.), reared in the laboratory 
were rleased at intervals in each compartment of 
the cage until August 30. The total number released 
to infest each hogshead was 4,700 cigarette beetles 
and 1,100 tobacco moths. The hogsheads remained 
in the cages until December 3, at which time about 
all insect activ its had ceased in the warehouse and 
the larvae of these insects were overwintering. The 
cages were dismantled and the hogsheads were in 
spected Phree sample s of tobacco were taken from 
each hogshead, as follows 

| Every third hand of tobacco was taken from 
the cooper s ¢ nd of the hogsheads untila 15 
hand sample was obtaimed 
\ 5-hand sample was obtained from a break 
vinacte near the middle or eine h hogshead 


3) The outside surface each hogshead was 


swept with a whisk broom and all serap to 
bacco and imsects accumulated there were 
retained as a sample 
The tobaceo leaves in each sample were separated 
ind screened and the living overwintered larvae 
counted Phe sweepings from each hogshead were 
also screened and the living larva counted. The re 
sults of the examination of the samples are shown in 
table | 
The inspections made of the two hogsheads and 
of the samples collected indicate that tight hogs 
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heads afford an effective protective barrier to in- 
festation by the tobacco moth, but afford little or 
no protection against cigarette beetles. The damage 
was considerably greater on the surface of the old- 
type hogsheads, especially from feeding of tobacco 
moth larvae. The results obtained in this preliminary 
test demonstrate the need for further experimenta- 
tion along this line.—7-28-41. 


Effects of Pyrethrins upon Blowflies 


L. D. ANperson and R. A. Hook, 
Ohio State University, Columbus 


The penetration of contact insecticides through 
the cuticle of insects and the consequent lethal effect 
should depend on the characteristics of the cuticle at 
the time of treatment. Immediately after molting or 
after emergence of the adult from the pupa the 
cuticle is softer and thinner than at other times. 
Therefore one might suppose that insects that have 
just cast their skins would be more susceptible to 
contact insecticides than those whose cuticle has 
hardened and thickened. Because the literature con- 
tains little information on this question, the writers 
were prompted! to make a few experiments on the 
relative susceptibility to pyrethrins of newly 
emerged and older blowflies, Phormia regina Meigen. 

The pyrethrum insecticide used in these tests was 
a commercial product; namely, an ester of mannitan 
and coconut oil fatty acids containing 1% pyrethrins 
(A).2 As a check the same product without pyrethrins 
was used (B).5 

In each test the flies to be treated were enclosed 
in a cheese cloth bag and dipped for a period of 15 
seconds in aqueous dilutions of A or B. Immediately 


Table 1.—Results of dipping Phormia flies of 
different ages. 








Test No. 1* Test No.2 Test No. 3* 

Ace oF Sto 12 Less than 36 to Less than 

Fiies hours 5 minutes sShours 5 minutes 
Material** \ B \ \ \ 

Dilutions Per cent dead 48 hours after treatment 

1: 100 loo RS 

1: 700 100 100 

1: 400 roo “7 100 8 

1: soo 100 Ss 10 Su ll 

1: 1600 loo ri 10 So 

1: S200 A 17 0 is a 

11-6400 is 0 7) 0 ll 

1: 12800 14 17 0 

1: 25600 14 17 

* No mortality occurred in water-dipped and undipped check 
lots 

* see footnotes 2 and 5% 


after immersion, the bag was opened and the flies 
removed to a clean dry cloth pad. Within a few 
seconds the flies were transferred to 3-inch shell 
vials. The first test was duplicated, the others tripli- 
cated. Owing to the searcity of newly emerged flies 
during the period of testing, only three flies were 
used per replication of each dilution. In a few in- 
stances four flies were used 


Phe general problem was suggested by F. L. Campbell, who 
ssisted in the writing of this note 

\ VNOP. Atlas Powder Co 

B= NVNO, Atlas Powder Co 
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Results given in table 1 show (1) that B (a wetting 
agent) is toxic but that A (the same containing 
pyrethrins) is more toxic than B, (2) mortality 
caused by both A and B is related to concentration, 
(3) A is less toxic to flies that have just emerged 
than to older flies 

In the present tests the greater susceptibility of 
the older flies to pyrethrins is contrary to expecta- 
tions, but is in line with the observations of Siman- 
ton & Miller (1938), who found that houseflies an 
hour old were less susceptible to pyrethrum-oil 
sprays than older flies, although the former were 
more readily paralyzed than the latter. With blow- 
flies the present writers observed that the new flies 
were paralyzed more quickly and recovered more 
rapidly than the older flies 

Newly emerged blowflies may be more resistant 
than older blowflies either because the pyrethrins 
do not penetrate the new cuticle so readily or be 
cause the nervous system of the new flies has not 
reached its maximum susceptibility to pyrethrins 
Injection experiments might illuminate this ques 
tion 

The new flies were dipped before their wings had 
expanded. Those that recovered from pyrethrin 
paralysis were not able subsequently to expand their 
wings, which must have hardened while the flies 
were paralyzed. These and other flies that recovered 


were able to mate and lay fertile eggs..8-4-41 
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Control of Thrips on Seedling Cotton 
MeEpDLER, New Merico Agr 


Sfate Colle Je 


Eyer and J. T 


cultural I rperime nt Station, 


J.B 


It has been known for a number of years that 
several species of thrips of the genus Frankliniella 
may be responsible for retardation of growth and 
malformation of seedling cotton plants. Such damage 
is characterized by the tightly curled and ragged 
voung leaves. Although this injury has been noted 
in the Mesilla Valley for some time, it was especially 
severe in the spring of 1941, due probably to a pro 


Table 1.—Thrips on seedling cotton, June 2 to 
10, 1941. 
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tracted period of cool, wet weather (According to S, 
F. Bailey, University of California, who made de- 
terminations of specimens collected on cotton by the 
writers, the species concerned is Frankliniella ocei- 
dentalis (Perg.) 

It has been found by other investigators that 
tartar emetic and brown sugar is an effective control 
for gladiolus, citrus, onion, and bean thrips (p- 





Left 


ku | intreated plant 


treated plant; right 


parently this insecticide has not been tested for 
effectiveness against thrips on cotton, During the 
first week in June plots of a cotton field were sprayed 
with the following antimony compounds: (1) tartar 
emetic, 2 pounds sugar, 5 pounds; in 50 


gallons of water with 1 pint of Dowar added as a 


brown 


spreader. (2) A proprietary compound, sodium anti- 
mony lacto phenolate, 2 pounds; brown sugar, five 
pounds; in 50 gallons of \ third plot was 
left untreated as a check. In 24 hours 20 plants were 
picked at random from each of the three plots, 
brought into the laboratory and counts of thrips 
were made on each plant. A second and third sampling 
$8 hours and 6 days later, 
There was no precipitation during the course of the 
experiment These data are 
By an examination of the 


water 


was made respectively 
summarized in table | 
table it 


showed a 


is seen that 
treated plots progressive 
When analyzed statistically the 
decrease was found to be significant as indicated by 
difference to the standard error of 
the difference. Apparently the effect of the com 
pounds is residual, for after one week the treated 
plants retained a low thrips population 

Although it is not known whether the spraying of 
it is shown 


plants in the 
decrease in thrips 


the ratio of the 


cotton seedlings is a prac tical procedure, 


by the experiment that a significant reduction in 
insect population can be obtained. Furthermore, the 
value of such control was reflected in the early re- 
covery of the plant. Figure 1 illustrates a comparison 


between the size of an untreated and treated plant 
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one week after spraying. It may be seen that the 
treated plant is much larger and the new leaves are 
perfect, compared with the dwarfed and malformed 
condition of the untreated check.—-8-6-41. 


Toxicity to the Codling Moth Larva 
of Phenothiazine Prepared with 
Allotropic Forms of Sulfur 


E. H. Srecver and L. E. Saurtn, U.S. Department of 


Agriculture, Bureau of Entomology 
and Plant Quarantine 


Phenothiazine was first prepared for use as a 
possible insecticide in 1934. Since that time the 
compound has been extensively tested against vari- 
ous species of insects. In the course of this work 
entomologists have observed that their results varied 
markedly from season to season with different lots of 


Table 1.—Comparative effectiveness of pheno- 
thiazine prepared with sulfur in various forms. 





Tota PERCENTAGE OF 
NUMBER \ppLeE PLuas 
ForM oF or APPLE 
SULFUR PLuGs Wormy Stung 
Crystalline 100 11.0 7.0 
\morphous 105 13.3 8.6 
Crystalline and 
amorphous in 
equal parts 109 17.4 5.5 





the compound prepared commercially. In the hope of 
finding a possible explanation of these differences, 
comparative tests were made with phenothiazine 
prepared in the regular manner using amorphous 
sulfur, crystalline sulfur, and equal proportions of 
the two forms. Commercial sulfur was extracted by 
means of carbon disulfide. The residue from this 
extraction was regarded as amorphous. That por- 
tion soluble in carbon disulfide on evaporation of the 
solvent vielded crystalline material. These two frac 
tions were used in this study. 

All three reaction products were found to be the 
same with respect to phenothiazine content, but the 
possibility existed of certain impurities being formed 
during the course of the reactions which might ap- 
preciably lower the toxicity of the resulting product 
The reaction products appeared different with re 
spect to color. The crude material was not purified 
but was ground in a mortar and then tested in the 
laboratory against the newly hatched codling moth 
larva, Carpocapsa pomonella (L.). The material was 
first dissolved in ethyl alcohol and then precipitated 
with 4 parts of water. The resulting suspension, at 
a concentration of 4 pounds of phenothiazine to 100 
gallons, was tested by the apple plug method (Siegler 
and Munger 1933, Siegler ef a/. 1984 

The form of sulfur used in the preparation of 
phenothiazine does not affect the toxicity of this 
insecticide to the codling moth larva, as shown by 
the data in table 1 S-19-41 
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On the Causes of Peanut “Pouts” 


F. W. Poos! U.S. Department of Agriculture, Bureau 
of Entomology and Plant Quarantine 


For many years the cause of the widespread dis- 
easelike injury of peanuts known as “pouts”’ has 
been attributed to various factors, such as soil 
conditions, boron deficiency, leafhoppers, and thrips. 
In 1938S. B. Fenne, then of the Georgia Agricultural 
Experiment Station, submitted specimens of injured 
peanut plants from Tifton, Ga., on which thrips were 
found and identified as Frankliniella fusca (Hinds) 
by Floyd Andre, of the Bureau of Entomology and 
Plant Quarantine, United States Department of 
Agriculture. Again, in 1939, Lawrence I. Miller, of 
the Virginia Agricultural Experiment Station, col- 
lected thrips in Nansemond County, Va., which he 
reported were apparently injuring peanuts and 
which he later suspected of causing “‘pouts.”” From 
this collection Dr. Andre identified F. fusca and F. 
tritici (Fitch). 

Metcalf (1936) reported that peanut “‘pouts’”’ is a 
disease transmitted by the potato leafhopper and 
that there are disease-free leafhoppers which pro- 
duce merely a wilting of the leaves without any 
black discoloration. Metcalf (1937) attributed the 
cause of “‘pouts”’ to the potato leafhopper and said: 
“In the laboratory we have shown that the disease 
known as pouts is caused by what may be termed 
the mass effect of toxins.”’ The only injury to peanuts 
observed by the writer to be caused by the potato 
leafhopper has been described and illustrated (Poos 
1934; Batten & Poos 1938). This injury is readily 
distinguishable from the widespread injury known 
as “pouts.” 

In 1941 Frankliniella fusca, the tobacco thrips, 
was proved to be responsible for causing peanut 
“pouts.”’ This diseaselike injury greatly inhibits 
development of peanut plants in the early stages 
and undoubtedly delays their development con- 
siderably. The true importance of it has not been 
determined. The growers refer to it as “‘pouts” be- 
cause the plants are said to pout until they com- 
mence to bloom, at which time they begin to grow 
rapidly out of the injury. In the early stages of the 
development of the peanut plant many terminal 
buds are black in appearance as if they had been 
burned (Fig. 1). Less severe injury permits the leaflets 
to form normally in inverse proportion to the num- 
ber of thrips present. Under field conditions as 
many as 28 immature thrips have been found be- 
tween the folds of a single unopened peanut leaflet. 
Much of the feeding consists of rasping and searifying 
the upper epidermis of the leaflet before the leaflet 


1 Grateful acknowledgment is due J. C. Crawford, of the 
Bureau of Entomology and Plant Quarantine, for all identifica 
tions of thrips referred to in this paper, except those otherwise 
credited 
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unfolds, thus causing the scarred and gnarled or 
crinkled appearance of the irregularly formed leaflets 
after they have unfolded. The injury always appears 
on the upper surface of the leaflets. The degree of 
development attained by the leaflets apparently 


depends on their stage of growth when they are 


attacked and the number of thrips attacking them 





Fic. | I'ypical injury of the leaves of 


de ~ ribed as “pouts 


peanuts, 


Immature thrips collected on the injured peanut 
plants in four widely separated Virginia localities 
were reared to adults and identified as Franktiniella 
fusea. During June this injury was observed through- 
out the peanut-growing areas of Virginia, North 
Carolina, South Carolina, and Georgia, from Fair- 
fax County, Va., In no 
was the injury observed unless thrips were present 


to Crisp County, Ga cast 
Collections of adult thrips were made from at least 
two localities in each of the previously mentioned 
States for specific identification in order to determine 
whether species other than the tobacco thrips were 
involved. F. tritici was also present 
Macon, Ga... and Cheraw, S. It 
sible, however. that other species of thrips mav also 


in collections 
made at IS pos 
he involved. The thrips were less abundant in areas 
which had recently had heavy rains than in areas 
which were in need of additional rainfall 
Adult thrips were 


peanut blossoms, suggesting the possibility that the 


extremely abundant in the 


adults may divert their attention to the blossoms 
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when they appear rather than to the terminal buds, 
thus permitting more rapid growth of the plants 
It is more probable, however, that there is a shift of 
the adult thrips to other hosts, or that climatie 
or other factors are involved 

Further proof that the 
thrips was obtained in an out-of-door insectary at 
Arlington Experiment Farm in June and July 194] 
In three tests young peanut plants produced the 
injury within a week after adult thrips (collected on 
were confined on them unde r controlled 


injury is caused by the 


peanut s 


conditions, whereas similar plants from which the 


thrips were excluded grew normally (Fig. 2 


Preliminary attempts to control this injury on 


peanuts by the use of tartar emetic-brown sugar 


spray, as recommended by MeCulloch and Weigel 


(1941) for gladiolus, were not successful, but the 


tests were admittedly started too late to be valid 
8-29-41 
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Effects of Infra-red Irradiation on 
the American Cockroach 


G. F. MacLeop, University of California, Berkeley 


il used by thre ip 
purported to have a “‘lethal 
to msect life 


(Considerable interest has been 


pearance of a device 
ray which ts particularly destructive 
\ few preliminary tests of this apparatus have been 
ord the results 

Phe essential feature of this equipment, is an in 
ill but the 


iting over the un 


made and it seems desirable to re 
candescent lamp silvered inside n seal 
tf end with an outside 
It contains a heavy, spiral fllament 
normal lamp socket. The housing 
tluminum, lined with 
100-115 volt 


titer ¢ 


silve red portion 


ind fits into any 


supplied for this lamp is of 
The outht 


ishestos operates trom any 


circuit Measurements of the energy in various re 
gions of the spectrum when the lamp was operated 
at 115 volts gave a total of 254 watts with 168 watts 
in the infra-red, 55 watts in the visible and none in 


\ tole ; 


Phe lamp, in its holder was cl 


the ultra 
ystand 
so that a vertical beam could | used in all tests. All 
measured from the seal-off tip of the 


mped toa ring 


distances were 


lamp to the insect plant and all exposures were 
timed with a stop-watch. Records of both the 
f the insect and ur tempera 


ill tests be 


fem 
perature at the surface 
nsect wer 


tures just above thre kept in 


cause it was evident that there were marked differ 
ences Adults of the American cockroach Per 
planeta amer ina) of comparable ages were used as 
test mmsects. All specimens were from a stot k mau 
tained for many generations in a constant fempera 


ture-humidity chamber and after treatment all of 


the insects were kept in the same chamber 
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In the first tests at a distance of 18 inches from 
the lamp, adult roaches, irradiated on the ventral 
surface died in from 2} to 4 minutes. The maximum 
air temperature was 26°C and the maximum tem- 
perature at the surface of the insects was 43°C 
In parallel tests irradiating the insects on the dorsal 
surface 4 to 6 minutes was required to kill the roaches 
whose tegminae reached a maximum of 47°C. while 
air temperature never exceeded 30.5°C 

\ series of tests were conducted using a running 
water sereen. The screen used was a tray of Pyrex 
glass 3 mm. in thickness holding 2 quarts of water 
The water was 1} inches in depth and a constant 
flow was maintained. Insects were exposed at a dis- 
tance of 18 inches for 10 minutes during which time 
the maximum air temperature was 21°C. and the 
temperature at the surface of the insect bodies was 
never above 25°C. None of these insects died and the 


females produced normal progeny 
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roaches both male and female were about 10°C. 
higher than the temperature of the surrounding air. 
In no case did these temperatures approach a lethal 
point and only one out of the 780 roaches used died 
during the experiment. A high percentage of nymphs 
emerged from all the egg capsules produced. 

The results in terms of water and food, or puppy 
meal, consumed per day are expressed on the basis 
of 20 insects. The group in which both males and 
females were irradiated consumed less water and 
more food than any of the others, but produced 
about the same number of egg capsules as those 
insects in which only the males were treated. Most 
marked deviations from normal occurred with the 
group where the treated females were kept with un- 
treated males. There is no apparent explanation of 
the decrease in food and water consumed when the 
females only were treated as contrasted with the 
group in which both males and females were ir- 


Teble 1.—Results of treating cockroaches with sub-lethal dosages of infra-red radiation. 





Maximum Temper- 
ATURE Durin« 


TREATMEN1 
PREATMEN1 


Mal s Female s Ar Roach 
None None 
Irradiated Nom 24 33 
None Irradiated 23 33 
Irradiated Irradiated 23 35 


Tota. Eae 
CAPSULES 


WATER Foop PRODUCED 
CONSUMED: CONSUMED: PER 
Roach day Roach /day FEMALE 

+. 40 OF 12.30 
$.25 58 10.80 
By x | 28 8.60 
2.97 65 10.70 





Another group of insects irradiated on their vent- 
ers for 1.5 hours at a distance of 40 inches from the 
lamp without a screen all died during treatment. In 
a second group similarly treated for 2 hours at 50 
inches only 50% of the indivy iduals died, some during 
treatment and some 5 days after exposure. Surface 
temperatures of the roaches in these trials reached 
Hi Cin the former and 42°C. in the latter test 

Necheles (1924) has shown that while roaches 
may die at 38°C. in moist air, they may survive at 
tC. in dry air. In all of these tests the humidity of 
the room was never above 30% relative humidity 
and an electric fan was kept in continuous operation 
blowing a large volume of air directly across all in 
sects which were irradiated. Conditions for survival 
were therefore near optimum but no insects whose 
body surface temperature exceeded 40°C during 
treatment in these tests survived 

In an effort to determine the possibilities of race 
death as a result of sub-lethal dosages of infra-red, 
groups of roaches were separated as to sex. One 
group Was used as a control and neither sex treated, 
in another the males only were irradiated, in a third 
the females only were treated and in a fourth both 
males and females were irradiated. Each insect was 
given a separate treatment on the ventral surface 
The dosage used was determined experimentally 
and set at a one minute exposure at 23 inches from 
the lamp. The insects were kept in groups of 10 
females and 10 males in a container, with all con- 
tainers held in the stock culture room and examined 
weekly. The results of this experiment, which was 
carried over a 45 day period, are shown in table 1 

While certain interesting trends are indicated in 
the data more extensive studies must be made before 
the true significance of these limited tests can be 
calculated. The body temperatures of irradiated 


radiated. Further studies are needed to establish 
the significance, if any, of these discrepancies. 

All trials with insects on plants which have been 
made indicate that the plants were injured before 
the insects feeding on them were killed. Tests of 
mites, mealybugs, aphids and white-flies on several 
plants have been made in the greenhouse. In every 
case dosages which killed the insects destroyed or 
seriously injured the plants. While possibilities of 
establishing a safety differential in favor of the plant 
have not been exhausted, the probability of doing 
so seems remote at present. 

SumMary.— An incandescent lamp capable of pro- 
ducing and focusing a large amount of infra-red 
radiation was used to kill adults of the American 
cockroach. The insects were killed by a 2}- to 
t-minute exposure of the ventral surface to radia- 
tion from this lamp at a distance of 18 inches. 
Double this dosage was required to kill the insects 
when they were treated on the dorsum. When 
roaches were irradiated through a water screen, 
which removed a large part of the infra-red, none of 
them were killed. 

In an experiment to test the possibility of race 
death resulting from sub-lethal dosages of radiation, 
most marked deviations from normal occurred 
when irradiated females were placed with untreated 
males. No general trend toward race death as a 
result of the treatment was apparent. 

(ll attempts to date to kill insects on plants have 
resulted in injury or death of the plants before the 
insects were killed.—6-30-41. 
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Program Problems 


How TO GET MEMBERS out of the cor- 
ridors and into meetings is a problem 
which has perplexed program committees 
for years. During sessions the average 
member spends approximately half of his 
time attending symposia and listening to 
other papers in which he ts particularly 
interested and the other half talking to fel- 
low members outside the meeting rooms. 
(s a result the corridors and hotel lobbies 
are filled with animated groups ardently 
discussing topics of mutual interest, while 
in the auditoriums the speakers address 
the faithful few who have honored them 
with their presence. Reasons for this con- 
dition are the natural desire to discuss 
one’s own problems with other workers in 
the same field and the lack of general in- 
terest in the majority of papers presented. 
Many members state frankly they get 
more benefit from informal discussions In 
the halls than from listening to the aver- 
age paper, which all too frequently is a 
dull and lengthy recital of the life history 
of some insect and its reaction to standard 
insecticides. ‘T he same members, no doubt, 
are disappointed by the small audiences 
when it comes their turn to present pa- 
pers. Probably no member would go so 
far as doing away with formal papers or 
eliminating informal discussions entirely. 

Recognition of the inherent values of 
both informal discussions and prepared 
papers and arrangement of sessions so 
there will be a place for each without di- 
rect competition seems to offer the most 
likely solution of our program problem. 
Providing opportunities for informal dis- 
cussions of specialized topics would neces- 
sitate reducing the time spent in present- 
ing papers. This could be done by having 
authors of all except invitational papers 
present abstracts and perhaps slides or 
charts to bring out the highlights of their 


manuscripts. This should be enough to in- 
vite questions and promote discussions 
from the floor on papers of real merit. 
Placing manuscripts on file with the secre- 
tary, or in a special room, would allow 
closer study of detailed data by those es- 
pecially interested. Such a system offers 
every member an opportunity to present 
the results of his work to the Association 
and at the same time relieves those at- 
tending the sessions from listening to un- 
interesting, time-consuming details. The 
time saved could be devoted to longer dis- 
cussions of papers presented in abstracts 
and to informal group meetings at speci- 
fied times and places. If formal programs 
closed in mid-afternoons those interested 
in the design of field experiments and sta- 
tistical methods, biological control, vee- 
tor-virus studies, quarantines, insecticide 
investigations, pea weevil, codling moth, 
grasshoppers, or other special topics, could 
gather in rooms designated by the Secre- 
tary where informal discussions could con- 
tinue as long as desired. Several group 
discussions of this nature held at Phila- 
delphia were heartily indorsed by those 
attending. The program committee is 
planning greater opportunity for such 
meetings at San Francisco and is con- 
sidering the changes suggested above as a 
means of providing the necessary time. 

By encouraging discussions and elimi- 
nating uninteresting details from regular 
sessions and by providing opportunity for 
members interested in special problems to 
meet and talk informally, the program 
committee hopes to increase attendance at 
meetings and the number of 
members usually found in the corridors 
and hotel lobbies. The interest and sup- 
port of all members is needed to attain 
these objectives. 


decrease 


J. R. Parker 
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PROCEEDINGS OF THE TWENTY-SIXTH ANNUAL MEETING 
PACIFIC SLOPE BRANCH 
AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


California Institute of Technology, Pasadena, California 
June 18, 19, 20, 1941 


The Twenty-sixth Annual Meeting of the Pacific 
Slope Branch was highly successful, both as to 
quality and variety of papers presented and as to 
attendance, which totaled 335. Of the 57 papers and 
8 formal discussions listed on the program, only 3 
authors were not present. Each session started with 
an invitational paper of special interest. The 
Wednesday sessions and that of Friday p.m. were 
devoted to papers on a wide variety of entomological 
topics. On Wednesday night there was a symposium 
on the topic “Relationships Between Systematic 
and Economic Entomology’ which was of sufficient 
interest to draw an attendance of 145. The outstand- 
ing session Was on Thursday, which was a sym- 
posium on “Petroleum Oil Sprays on Deciduous and 
Citrus Fruit Trees.’ Friday morning was devoted to 
“Problems in Western Forest Entomology.” The 
entomological dinner, held Thursday night, with an 
attendance of 278, was devoted exclusively to dining 
and entertainment 

Officers elected for next year are: Chairman, Gro. 
F. KNow.tron, Logan, Utah; Vice Chairman, Jas 
C. Evenpen, Coeur d'Alene, Idaho; secretary 
Treas., Roy E. Camppens, Alhambra, Calif. It was 
announced that the 1942 Pacific Slope Branch meet- 
ing would be in Salt Lake City. The following mem 





bers were among those present 


Bailey, Stanley F 
Bartlett, Blair R. 
Bohart, Richard M 
Boissonou, Clifford J 
Boyce, Alfred M 
Boyden, B L 
Broadbent, Bessie M 
Brooks, James W 
Campbell, R. E 
Cecil, Rodney 
Chauvaud, E. Maurice 
Cook, Ww illiam ( 
Craig, Roderick 
Cressman, All ert \W 
DeBach, Paul 
Dickson, R. C 
Dohanian, 5S. M 
Doucette, i. © 
Duggan, Chas. E 
Ebeling, Walter 
Eckert, J. E 
Elmore, J. C. 
England, Max H 
Essig, E.O 

Ferris, Curtis A., Jr 
Flanders, Stanley E 
Flebut, A. J 
Freitag, Julius H 
Fulton, Robert A 
Gammon, Cyril 
Gammon, Earle T. 
Hansen, James W. 


Henderson, Charles F 


Davis, California 
Riverside, California 
Los Angeles, California 
Martinez, California 
Riverside, California 
Whittier, California 
Whittier, California 
Madison, Wisconsin 
Alhambra, California 
Ventura, California 
Santa Ana, California 
Modesto, California 
Berkeley, California 
Whittier, California 
Riverside, California 
Riverside, California 
Eugene, Oregon 
Sumner, Washington 
Pomona, California 
Riverside, California 
Davis, California 
Alhambra, California 
Covina, California 
Berkeley, California 
Upland, California 
Riverside, California 
Berkeley A ( ‘alifornia 
Berkeley, California 
Whittier, California 
Altadena, California 
Pasadena, California 
Berkeley, California 
Whittier, California 


Hensill, George S. 
Herms, William B. 
Hills, Orin A. 
Holloway, James K. 


Hutchison, Robert N. 


Johnson, Esler 
Kagy, J. Franklin 
Kellogg, C. R. 
Kido, George 5. 


Kirkpatrick, Albert F. 


Kitchel, R. L. 

La Follette, J. R. 
Landon, William E. 
Lange, W. H., Jr. 
Lingren, David L. 
Linsley, E. Gorton 
Mackie, D. B 
MacLeod, Guy F. 
Mallis, Arnold 
Mason, A. C. 
Maxwell, K. E. 
McGregor, KE. A. 
McKenzie, HH. L. 
Michelbacher, A. E 
Mitchell, James H. 
Morrill, A. W. 
Morrison, H. E. 
Mote, Don C. 
Munger, F. 

Parker, W. B. 
Penny, D. D. 
Persing, Charles O. 
Pierce, W. D. 
Richards, Claude A. 
Ryan, Harold J. 
Salman, Kenneth A. 
Schuh, Joe 

Seott, David B., Jr. 
Sheldon, Howard B. 
Silva, Pedrito 
Smith, Gordon he. 
Smith, H. s. 

Smith, Leslie M. 
Smith, Ralph H. 
Snow, Charles A. 
Sorenson, Charles J. 
Stafford, E. M. 
Steinweden, John B 
Stewart, Morris A. 
Stone, M. W. 
Swain, A. F. 
Swezey, O. H. 


Timberlake, Philip H. 


Todd, Frank E. 
Urbahns, T. D. 
Usinger, Robert ss 
Vansell, George H. 
Vaughn, William C. 
Wampler, Elvin L. 
Wilcox, Joseph 


Richmond, California 
Berkeley, California 
Phoenix, Arizona 
Whittier, California 
Covina, California 
San Francisco, California 
Riverside, California 
Pasadena, California 
San Jose, California 
Monrovia, California 
San Dimas, California 
Whittier, California 
San Dimas, California 
Berkeley, California 
Riverside, California 
Berkeley, California 
Sacramento, California 
Berkeley, California 
Los Angeles, California 
Honolulu, T. H. 
Martinez, California 
Whittier, California 
Berkeley, California 
Berkeley, California 
Pomona, California 
Glendale, California 
Corvallis, Oregon 
Corvallis, Oregon 
Whittier, California 
Placerville, California 
Whittier, California 
Riverside, California 
Los Angeles, California 
Montebello, California 
Los Angeles, California 
Berkeley, California 
Corvallis, Oregon 
Tacoma, Washington 
Santa Paula, California 
Bahia, Brazil 

Shafter, California 
Riverside, California 
San Jose, California 
Los Angeles, California 
Whittier, California 
Logan, Utah 

Fresno, California 
Sacramento, California 
Davis, California 
Ventura, California 

El Monte, California 
Honolulu, T. H. 
Riverside, California 
Davis, California 

Uba City, California 
Davis, California 
Davis, California 

San Marino, California 
El Segundo, California 
Alhambra, California 








732 JOURNAL OF Economic 


Los Angeles, California 
Berkeley, California 
Whittier, California 


Woglum, R. 5. 
Yuill, Js 
Yust, Harold R 


BUSINESS SESSION At the final business session, 
the following motion and resolutions were unani- 
mously passed: 

It was moved that the Chairman appoint a Com- 
mittee to investigate the desirability . cost, and prac- 
ticability of publishing a Western Directory of 
Entomological Supplies, Equipment, Insecticides, 
Ete., and that this committee be empowered to act 
if the proposition is found to be entirely feasible, or 
if further consideration is desired, to make a full 
report with recommendations to the meetings of the 
San Francisco in December, 


main association at 


1941 


1. “Whereas the California Institute of Technology 
at Pasadena has generously allowed us the use 
of its fine facilities for our meetings, June 18, 
19, and 20, 1941, be it resolved that the Pacific 
Slope Branch of the American Association of 
Economic Entomologists express its gratitude 
by a communication to the head of the Institu- 
tion.” 

2. “Whereas the program and arrangements of the 


June 18, 19, and 20, 1941 meetings of the 
Pacific Slope Branch A.A.E.E. have been in- 
structive and interesting Be it resolved 


that those in attendance express their appre- 
ciation of the organization of these meetings 
to the officers of the division 


3. “Whereas Dr. Lee A. Strong, who entered ento- 
mological work in California, contributed 


greatly to the development of entomology in all 
its branches as Chief of the United States 
Bureau of Entomology and Plant Quarantine, 
and whereas in the passing of Dr. Strong, 
entomology in North America sustained 
an irreparable loss Be it resolved that the 
Pacific Slope Branch of the American Associa- 
express to 


has 


tion of Economic Entomologists 
Nirs. Strong its sincere esteem of Dr. Strong's 
contribution to the advancement of entomology 
and of his unselfish devotion to its develop 
ment.” 

t. “Whereas the sectional meetings and 
symposia of the American Assn. for the Ad- 
vancement of Science are usually of consider- 


summer 


able interest and importance to entomological 
workers throughout the country Be it re- 
solved that the Pacific Slope Branch of the 
\.A.E.E. petition the Executive Committee of 
the main organization at the San 
meeting, that an attempt be made to 
chronize the dates of the 
order to eliminate competition, especially when 


Francisco 
svn- 
summer meetings in 


subject matter of the sectional meetings or 

symposia are of national interest and im- 
portance.” 

5. “Whereas the International Rules of Zoological 
Nomenclature have proven inadequate in many 
pressing matters of entomological nomencla- 
clature, and whereas the field of entomology 
has many nomenclatural problems peculiar to 
itself, and whereas present world conditions 
make it appear extremely unlikely that the 
International of Zoological No- 
menclature will be able to function effectively 


(Commission 
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for many years to come . Be it resolved 
that the Pacific Slope Branch of the A.A.E.E 
petition the parent society as well as the Ento- 
mological Society of America and all other 
entomological groups, that a committee be 
formed representative of the various North 
American entomological organizations, institu- 
tions, and geographic areas to consider the 
present status of entomological nomenclature 
and the advisability of extending the Interna- 
tional Rules of Zoological Nomenclature in the 
form of an Entomological Code.” 


6. “Whereas the insect and mollusk collections at 


the Los Angeles Museum are an integral part 
of the development of west American Entomol- 
Os and ¢ onchology 


Whereas the research maintained in connection 


with these collections is of inestimable value 
in connection with the growth of western ento- 
mology and the protection of California agri- 


culture 


Whereas a research biological collection and the 


Whereas there are already too 


7. “Whereas taxonomic 


true value thereof is ruined by either being 
deprived of the connected research, or byy the 
dispersion of the collection, or both 

west Ameri- 
type and too Jitth 
taxonomic research Be it resolved that the 
secretary of the Pacific Division of the A.A.E.E 
immediately petition the Board of Supervisors 
of Los Angeles County and the Board of 
Governors of the Los Angeles County Museum 
Entomological and Concho- 
logical Museum, the 
connected re search positions as thes ure now 
constituted 


few 


can collections of this 


to maintain the 


collections of the and 


knowledge of imsects is a 
fundamental part of the development of other 
branches of entomology, and whereas insect 
taxonomy is very poorly organized due to the 


lack of prote ssional positions and the lack of 


financial support Be it resolved that the 
Pacific Slope Branch of the A.A.E.E petition 
the American Association of Economic Ento- 


mologists at the next annual meeting, to form 
a standing committee for the development of 
not only in its 


its experime ntal as- 


insect’ taxonomic research 
morphological bout also 


pects 


Treasurer, 1940-41 


Condensed 


REPORT OF THE 


Balance on hand, July 5, 1940 $11.22 
Interest . 23 
Refund for 1940 ¢ xpenses 53.16 
Expre ss Th 
Stamps 1.00 
Envelopes (stamped 16.12 
Mimeographing notices & pro- 
grams SL.00 
$8.58 
Balance on hand June 18, 1941 16.08 
$64.61 S64.61 
Accounts audited and approve d by 
A. FE. MicnHeceacner 
CC. O. Persinc 
Roy FE. CAMPBELL 


Secretaryv-Treas. 





